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The present study deals with the influence of air pollution, 
on morphology and growth of two selected plant species, namely Cassia 
sophera and Sida rhombifolia, emerging out of a coal fired power plant. 
The Thermal Power Plant Complex of Kasimpur is a continuous threat 
for the flora growing on the civcinity and adjoining areas because of 
its pollution hazards and therefore a study had been conducted to know 
the extent of damage caused by the pollutants. The complex is located 
along the banks of the upper ganges canal running in the north-west 
to south-east direction. The power station is capable of generating 
530 MvV electricity on consuming nearly 4,194 viT sulphur rich low grade 
bituminous type of coal per day. In the process, enormous amount of 
noxious gases, particulate matters and ash particles are released round 
the clock into the air. 
The f ive experimental sites, namely A,B,C, D and E located 
about hf 2, 6, 12 and 16 km, respectively from the source of pollution 
were selected for the present study. The last site E located at 16 
km from the source was selected as a reference site for comparing the 
growth response of plants collected from the other sites located within 
12 km from the source. 
The effects of coal smoke pollutants released by the Kasimpur 
Thermal Power Plant Complex were studied on the form and performance 
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of the selected species at three different stages (pre-flowering, 
flowering and post-flowering) during the plant growth, within ten 
individuals per plant site for three consecutive years. The following 
parameters were selected to estimate the influence of air pollutants on 
the various plant development stages of the selected species. 
MORPHOLOGICAL STUDIES : 1. Leaves nurfcer plant'"^ 2. Total leaf area 
Plant"^ 3. leaf dry weight plant"^ 4. Shoot length 5. Root length 6. 
Plant height 7. Root length: shoot length ratio 8. Stem dry weight 
9. Root dry weight 10. Roof.shoot dry weight ratio 11. Number of 
flowers, seed pods and capsule per plant; 
LEAF PIGMENTS AND MINERAL CONCENTRATION : 12. Estimation of 
chlorophyll a, b and carotenoid 13. Estimation of Cu, Fe, Pb, S and 
Zn. 
ANATOMICAL STUDIES: (a) Epidermal traits : 14. Stomatal size 15. Size 
of stomatal pore 16. Stomatal Index 17. Trichome length 18. Trichome 
frequency. (b ) Root and shoot anatomy; 19. Fibre length in stem and 
root 20. Vessel element size in stem and root 21. Frequency of vessel 
elements in stem and root 22. Area estimation of cortex, vascular tissue 
and pith in stem and root. 
The data collected in the present study were analysed 
statistically and the least significant differences between two samples 
means calculated. The per cent variatioh i . e . loss or per cent increase 
in various growth parameters was obtained by comparing the sites up 
to 12 km with the reference site E (16 km). The findings of the 
present investigation are summarised on the following lines. 
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Morphological studies : During the survey chlorosis, necrosis, burning 
and flecking were found to be a common occurrence on the foliage of 
these two species under heavily polluted area i . e . about 6 km from 
the pollution source. Chlorosis, necrosis and flecking of leaves caused 
by pollutants, are often followed by shedding of leaves and reduced 
leaf growth in both the species. Cassia sophera and Sida rhombifolia 
exprienced a gradual loss in the number of leaves per plant up to 6 
km distance, beyond this there is a decline in the loss of leaves per 
plant in all the development stages of the plant when compare to the 
reference site. 
In addition to these indirect effects of the existing pollution 
load on leaf growth, there are many direct pollutant interferences in 
foliage growth i . e . surface area, volume or biomass. The performance 
of Cassia sophera and Sida rhombifolia under the pollution stress with 
reference to reduction in leaf size during the different development 
stages is more or less Identical with few exceptions e.g. in Cassia 
sophera there is not much of a variation in the loss of leaf area during 
the pre-flowering and post-flowering stages at h km distance and while 
a very significant loss with increasing tendency from the pre-flowering 
to post-flowering stages is observed at 6 km distance, Sida rhombifolia 
shows a completely reverse trend at H km distance during the three 
developmental stages, i . e . systematic recovery is observed, while a 
gradual increase in loss of leaf are occurs during pre-flowering, 
flowering and post-flowering stages at 6 km distance. 
An evaluation of the loss of leaf dry weight reference to plant 
growth stages reveals that in Cassia sophera the maximum loss observed 
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during the pre-flowering stage at site C is further enhanced during the 
flowering stage. Similarly in case of Sida rhombifolia the inaxiinum 
loss occurred at site C in all the development stage but there is a 
gradual increase in the loss from the pre-flowering stage to flowering 
and then to post-flowering stage. Similarly in the case of Sida 
rhombifolia, the maxiinum loss occurred at site C in all the development 
stage but there is a gradual increase in the loss. 
The shoot length of Cassia sophera exhibited the maximum 
reduction during the pre-flowering stage at 6 km (site C) distance from 
pollution source. Similarly, Sida rhombifolia showed a maximum 
reduction in height at site C. The observations that both Cassia 
sopherea and Sida rhombifolia experienced comparatively higher 
reduction in shoot height during the flowering stage than during the 
pre-flowering and post-flowering. 
Observations on biomass estimation of shoot axis in the present 
investigation show that a substantial loss is incurred by both C. 
sophera and S. rhombifolia. The highest loss was observed at the 
flowering stage and was significant at site A, B and C. 
The root length and dry matter production of Cassia sophera 
showed no significant difference at any of the sites except at site C 
during the post-flowering stage, where it increased significantly. On 
the contrary, when dry matter production was considered it was found 
that the plant suffered heavily during the pre-flowering stage and 
the lost was further enhanced at the flowering and post-flowering 
stages, the maximum loss being at the flowering stage. Sida 
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rhombifolia, responded almost like Cassia sophera except the 
pre-flowering stage which is characterised by a heavy loss followed 
by a significant gain at the flowering and post-flowering stages. 
Of the two species studied, S. rhoinbifolia exhibits more 
severe reduction in total olant height than C. sophera. Further there 
was a systematic and gradual decline in plant height at increasing 
distance from pollution source the maximum decline being observed at 
site C. This trend was true for both the species and at all stages 
of plant development. However, the flowering stage exhibited more 
reduction than the other two stages. The trend of loss in plant height 
during three stages was pre-flowering post-flowering flowering for both 
species. The comparative study of loss/gain with reference to length 
and dry weight oT root and shoot reveals that both the species suffer 
heavily at all distances from pollution source particularly during the 
pre-flowering stage. Further, this loss is further increased with the 
increasing age of the plant. Also, the length and biomass of root show 
a comparatively more deletarious effect of pollution than the length 
and biomass of the shoot. In the present investigation flower formation 
and fruit set have been found to be affected adversely in the two 
species under study. There was a gradual and steady loss in the 
number of flowers with reference to the increasing distance from 
pollution source, the maximum being 20.15^ and 6 1 . i n Cassia sophera 
and Sida rbombifolia, respectively over the reference site. The 
reduction in the number of flowers indirectly means, the loss in the 
total number of fruils per plant was 33.33^ and VZ.ldL in Cassia sophera 
and S. rhoinbifolia, respectively. 
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Plgment 8 mineral concentration : The amount of total chlorophyll in 
Cassia sophera is found to be decreased at all the sites at the pre-
flowering stage; the maximum loss being at 6 km distance from pollution 
source. vVhereas in Sida rhombifolia, the maximum loss observed at 
12 km distance. Similarly at the onset of the flowering the loss of 
total chlorophyll significantly decreased in both genera. A significant 
departure from the trend exhibited by other traits being that the 
maximum loss of chlorophyll in the post-flowering stage of both taxa 
occurred at 2 km distance from the source. In the pre-flowering stage 
the amount of chlorophyll a is significantly reduced while chlorophyll 
b is comparatively less affected. The trend is, however, reversed 
at the flowering and post-flowering stages where the most affected 
pigment is chlorophyll b. The concentration of carotenoid in the 
different development stages of C. sophera decreased at all the 
experimental sites. The highest loss is observed at the 6 km mark 
(site C) invariably in all the selected growth stages. Carotenoid 
concentration in Sida rhombifolia gradually decreased, while maximum 
shows at site C. 
An attempts havs also been made to estimate the amount of 
micronutrients such as Cu, Fe, Pb, S 6 Zn at all the three stages of 
development of the plant. In C. sophera loss in Cu was estimated upto 
extent 2.27% at site D of flowering stage to 22.10% at site A of pre-
flowering stage. Conversely in S. rhombifolia the loss is confined only 
at the pre-flowering stage of site A 8 C and site A of flowering stage. 
Interestingly, this species shows a notable accumulation of copper at 
rest of the experimental sites at all the development stages of the 
plant. 
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In Cassia sophera, the pre-flowering stage shows iron 
deficiency up to 6 km from the source at site D there is a excess 
accumulation of iron in comparison to reference site. In the next two 
stages of this species the population showed iron deficiency, however, 
the effect is more severe at site C in both the stages. In the pre-
flowering and flowering stages of Sida rhombifolia iron concentration 
decreased progressively up to site C. In the post-flowering stage, 
degree of loss is comparatively less, while site C shows the maximum 
loss. 
The concentration of lead in dry leaves of Cassia sophera is 
deficient In all the growth stages and at all the selected sites, while 
maximum decline of lead at site B in all the stages. In Sida 
rhombifolia the concetration of Pb in the pre-flowering and flowering 
is greater except at site C in the flowering stage. The post-flowering 
stage, on the other hand showed a marked deficiency at all the 
experimental sites except site 8 where it was slightly higher. 
The sulphur concentration in the dry leaves of Cassia sophera 
and Sida rhombifolia is very high at all the experimental sites at all 
the development stages with few exceptions in S. rhombifolia where 
they show sulphur deficiency at site A in the pre-flowering and 
flowering stages. 
Zn concentration in Cassia sophera is higher at site A 8 D, 
while site B Q C show deficiency in comparison to the reference site 
in the pre-flowering stage. Although the flowering stage show Zn 
deficiency at all the experimental sites. In the post-flowering stage, 
there is no trend in the loss or gain in 7n concentration. Likewise 
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in Sida rhombifo lia, there is no trend of loss or gain in Zn 
concentration. The pre-f lowering and flowering stages of this plant 
shows a gain at site A S B. Beyond these sites Zn deficiency is 
observed in both the stages. However, in the post-flowering stage, 
the concentration shovvs a linear decrease with increasing distance from 
the source of pollution co;npared with the reference site. 
Epidermal responses : The extent of leaf damage is closely related 
to stoinatal response which in turn influence the physiology and growth 
of the plant. The response of stomatal length to the pollution load 
In relation to plant development stages are different, at 6 km (site 
C) distance from the pollution source, there is a substantial and 
significant decrease in stomatal length in the upper and lower epidermis 
of Cassia sophera both at the pre-flowering and flowering stages. 
Although there is a general decline in length of stoinata in the upper 
and lower epidermises at all the experimental sites and at the 
pre-flowering and flowering stages (with an exception of site D in the 
upper epidermis of flowering stage). Similarly at the post-flowering 
stage, the loss in the length of stoinata is insignificant in both the 
surfaces. 
The difference is insignificant in the leaves of S. rhombifolia 
regarding the stomal length. Interestingly, the data recorded at 6 km 
both in the upper and lower epidermis are found to be highly 
significant, against C. sophera, where per cent variation in length on 
negative side. 
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In Cassia sophera there was a loss in the width of the stomata 
in the upper epidermis in the pre-flowering stage up to 12 km distance 
from the source. However, the maximum significant loss was observed 
at 6 km distance. Similar otDservations were recorded at the flowering 
and post —flowering stages both in the upper and lower epidermis. 
The trend regarding the loss in the width of stomata in the upper and 
lower epidermises in Sida rhombifolia was almost similar to that in 
Cassia sophera. The average mean width of stomata in the upper and 
lower epidermis of S. rhombifolia showed an appreciable loss but at 
the pre-f lowering and post-flowering stages, which demonstrates that 
these stomata had a very strong negative response to a varying degree 
of pollution load. 
The observations made in the present study reveal that the 
stomatal pore in both species exhibit a preferential response with 
respect to the upper and lower epidermis and also to tne three stages 
of the development of plant at site C, while in the upper epidermis 
the stomatal pore decreases substantially in both the species, tne per 
cent variation decreases sharply during the flowering stages. Further 
at the post-flowering stage, there is once again an increase in the per 
cent variation. Conversely, the stomatal opening in the lower 
epidermis shows a gradual reduction in the per cent loss during the 
pre-f lowering, • flowering and post-flowering in C. sophera and S. 
rhombifolia. 
There is a reduction in the stomatal indices upto a significant 
level in both the species that experiencing pollution load. The 
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maxirnum decrease in stomatal indices recorded at 6 k.n in Cassia 
sophera is to the tune of 34.00 per cent in the upper epidermis and 
46.33% per cent in the lower epider.Tiis which is highly significant . 
The corresponding result in Sida rhOTibifolia are more or less similar 
to C. sophera. At 12 km, 2 ki/i and '-i km distance from pollution 
source show higher values of stomatal indices in both the species. 
Observations clearly show, the lower epidermis responds more 
unfavourably than the upper epidermis at all the development stages. 
In the upper and lower epidermis of Sida rhombifolia trichome 
length was reduced around pollution source as compared to reference 
site. However, the maximum Loss during the pre-flowering and flowering 
stages, was encountered, both in the upper and lower epidennis at a 
distance of 12 km from pollution source. In the post-flowering stage 
the maximum reduction was observed at 6 km distance in the upper 
epidermis. The lower epidermis, responses to pollution load is more 
or less the same. The trichome frequency exhibit an increasing trend 
both in the upper and lower epidermis at all the three development 
stages and with the increase in the distance from the pollution source. 
A comparision of the upper and lower epidermises reveals that the per 
cent variation in trichome frequency does not vary much but indicates 
a uniform behaviour to polllution load. 
Anatomical responses : The data presented study, the data presented 
on the number and dimension of the various component of the cells of 
shoot and root in C. sophera and S. rhombifolia reveals a differential 
response of these component cells with reference to pre-f lowering, 
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flovvering and post-flowering stages under the stress of coal-smoke 
pollution. During the pre-f lo^vering stage of C. sophera, the fibre 
become increasingly shorter rignt from '-i km to 6 km distance indicating 
thereby that the maximum load of pollution is suffered by the plants 
at 6 km distance from the pollution source. But a sharp reduction in 
the loss of fibre length at 12 km distance showed that the intensity 
of the pollutants was much diluted over this distance. On the other 
hand, the extent of loss in the fibre length was almost the same in 
S. rhombifolia, plant st i l l as compare to reference site. However, 
with the increase in the plant age, there was a pronounced shift in 
the response to air pollution, that is the per cent loss during the 
flowering and post-flowering stages was highly significant in C. sophera 
and S. rhombifolia. 
Further, the air pollutants at the site also have a pronounced 
effect on the distributional pattern of cortex, vascular tissue and pith. 
This is more clearly exhibited when the effect of pollution load on 
the vascular tissue is analysed. Obviously, the vasculature showed 
a greater reduction in C. sophera than S. rhombifolia. 
The present work was conducted under field conditions where 
a number of factors i .e . seasonal variation in the coal consumption rate, 
relative humidity, direction and frequency of wind, wind velocity, 
temperature, and rain fall etc. were involved. However, the analysis 
of results has established that the suppressed growth of the selected 
plants by air pollutants is correlated with distance, age and a number 
of meteorological factors prevailing around the selected sites. 
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The environmental pollution has now assumed alarming 
magnitude and its frontiers are no longer confined to any particular 
region of the world. It is a growing threat to the whole planet (Hobbs 
et a l . , 1975), endangering the ultimate future of the living beings on 
the earth. Our present day efforts are focussed on the technological 
expansion hopefully aimed at achieving the economic growth, and 
fulfilling the rising expectations of wealth processes. These very 
efforts constitute the ultimate source of the environmental "Crisis" 
(Ellul, 1954). 
According to Ehrlich e^ aj^., (1973)" Man's present pattern 
puts him on collision course with the laws of nature. Man's ruthles 
assault on nature, in quest of more food, more energy, more raw 
material for his burgeoning industries to achieve the material comfort, 
he thinks he needs, has poisoned the air we breath, the water we 
drink, the drugs we use, the places we live in and even the soil we 
cultivate upon". The modern technology of today has committed a 
number of violations of the environmental safety and low almost every 
facet of modernisation poses a health r isk. Thus, most efforts of man 
for an easy and comfortable Ufe have inadvertantly brought about dire 
consequences leading to severe changes in the environmental and a large 
scale ecological Imbalance. 
Steve Van Matre (1984) of George William College, Chicago, 
estimates that in the present world only 20% of air is breath^able, 
only 10% of land is capable of being exploited for producing food and 
just 1% of the earth water is portable. It is estimated that hundreds 
of million tons of the harmful gases and dust are emitted into the 
earth's atmosphere every year (Astanln Q Blagosklonov, 1983). In 
3 
1969, smoke concentration was estimated to be 35 mg/m in Stockholm. 
It was 25 folds this figure in Mexico, 10 folds in Osaka, 7 folds in 
Bombay, 5 folds in Parague and 4 folds in Tokyo (Kochhar, 1982). 
The amount of pollutants such as hydrocarbons, nitrogen oxides, carbon 
monoxide, sulphur dioxide and dust entering the air of Calcutta and 
Howrah cities is as much as 1299 tons per day (Sharma, 1981). Some 
1,400 tons of hydrocarbon, CO, NO and S0„ are emitted in the air of x z 
Delhi every day by Power- Plants,Automobiles, Industries and Chullas. 
Further, about 60,000 tons of CO, 24,000 tons of hydrocarbon and 2000 
tons of NO are released annually in Delhi by the petrol using vehicles 
alone (Rai, 1984). Another report (Agarwal ^ a l . , 1982) reveals that 
over 70% of the available water in India is polluted, 60% of Calcutta 
residents suffer from respiratory disease because of air pollution, and 
incidence of blood cancer has increased f ive times in Lucknow during 
the last decade. The information provided in a recent communication 
(Anonymous, 1991) on the ambient, air quality of major cities of India 
and the WHO guide lines, after modification, have been presented below 
(Table 1 ) . 
Of the f ive major cities mentioned above, Calcutta is st i l l 
the most polluted city and has already exceeded the WHO guide line 
with particular reference to SO2 and suspended particulate matters. 
This harm caused to the human health is enormous. Likewise, green 
plants being more sensitive and tender can not be spared of the 
severity of these air-born pollutants. 
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Industrialisation brings forth environmental and ecological 
degradation to which the power generation activities, contribute 
significantly. The Thermal Power Stations consume more than 1/3 of 
all the fuel produced and thus significantly affect the local 
environment and the whole green world. The influence of the Thermal 
Power Stations on the surroundings is determined by their ejecting flue 
gases, heat and contaminated waste water. 
On complete burning of fuel in the air, the combustion 
products contain CO2, H2O, NO2, SO2 gas 5 SOg and ash. With an 
incomplete combustion, corbon monoxide, hydrocarbons, CH^, C2H^ etc. 
and some carcenogenic substances may form additionally. The products 
of the incomplete combustion are rather harmful, but the modern 
techniques of combustion enable us to prevent fully or at least, 
minimize their formation. On the whole, the environmental pollution 
broadly encompasses the by-products of active industrialisation and the 
multitude of toxic effluents that are being cu~^mulatively discharged into 
air, water and land. 
The deleterious effects of the various pollutants on human, 
animal and plant life and even on our climate are now well recognised. 
For the last few decades, the literature on the effects of the 
environmental pollution on plants has been accumulating in alarming 
proportions (see Thomas, 1951; Thomas S Hendricks, 1956; Thomas, 
1961; Guderian, 1967; Brandt a Heck, 1968; Sinclair, 1969; Treshow, 
1970; Mudd 6 Kozlowski, 1975; Treshow. 1975; Mansfield, 1976; Manning 
a Feder, 1976; Oliva a Steubing, 1976; Koziol a Jordan, 1978; Ashmore 
^ a l . , 1980; Ormrod ^ 1980; Gupta, 1981; Heck ^ al . , 1982; 
Jacobson, 1982; Taylor, 1982; Roberts e^ , 1983; Whitmore 8 
Mansfield, 1983; Ashtnore, 1984; Khan, 1985; Elsom, 1987; Treshow a 
Anderson, 1989; Saqulb, 1989; Usmani, 1990) and has established that 
the air pollution poses a potent hazard to the green world. 
The air pollution causes a serious set-back to the normal 
function and structure of the flora. Thermal Power Plants are among 
the major sources of air pollution and one such power plant is located 
in Kasimpur town of AUgarh District, U.P. , India. The effluents 
released into the air from this plant have been found to. affect some 
timber trees (Khan, 1982; Ghouse e;^  a l . , 1984a,b, 1986a; Gupta et a l . , 
1988; Kalimullah e ^ a l . , 1987; Mahmooduzzafar 8 Iqbal, 1988), vegetable 
crops (Amani 8 Ghouse, 1978; Gupta, 1981; Khan e^ al . , 1987) and 
various weeds of the locality (Amani et_ a l . , 1979a,b,; Amani, 1982; 
Ghouse 8 Khan, 1983, 1984; Iqbal ej^  a l . , 1986a,b, 1987a,b; Khan 8 
Ghouse, 1988; Khan 8 Khair, 1984, 1985a,b; Mahmooduzzafar ^ a l . , 
1986, 1987. Disturbed meiosis (Amani, 1982) and anatomical disorders 
(Ghouse 8 Khan, 1983; Ghouse e;^  , 1984a,b, 1986; Iqbal et^  a l . , 
1986a, b, 1987a,b; Khan at a l . , 1984; Mahmooduzzafar e^ a l . , 1986, 
1987) have been noted in certain weeds thriving in the vicinity of the 
Power Plant Complex. But the range of the area approached by the air 
pollutants in quantities sufficient to effect such alterations, is st i l l to 
be assessed thoroughly. 
Leaves of plants are directly exposed to the obnoxious 
mixture of gases, emitted iiT^to the atmosphere by the combustion of 
-6-
several fuels such as the bituminous coal. The hazardous effects of 
these gases include the deterioration of leaf surface due to destruction 
of essential leaf pigments and other elements. The toxic mist which 
results from a sharp increase in the concentration of the atmospheric 
pollutants in an unfavourable meteorological situation, causes disturbance 
to photosynthesis and other metabolic activities, which leads to leaf 
withering. 
The exposure may be continuous, but the exposure 
concentrations are generally variable. Many studies with varied air 
pollutants have used the visible foliar injury to evaluate the plant 
response. The amount of foliar injury sustained by a plant has a 
direct effect on the amount of photosynthate it produces. The gaseous 
pollutants make for the development of diverse foliar injuries such as 
chlorosis, necrosis and curling (Costonis, 1971; Chaphekar Q Karabhari, 
1974; Ghouse ^ a l . , 1980; Gupta 5 Ghouse, 1987; Ahmad ^ al . , 1987). 
The failure of crops and the death of trees provide ample 
proof of the adverse effects of air pollution. Ahmad and his collegues, 
working at the National Botanical Research Institute (NBRI), Lucknow, 
studied various sensitive and ireslstant species from the polluted 
industrial areas (Ahmad ^ al^., 1988) to assess the cuticular and 
epidermal features of leaves, and the height, phytomass, chlorophyll 
pigments and the protein contents of plants under the pollution stress 
(Yunus ^ a l . , 1979, 1982, 1985a,b; Yunus 6 Ahmad, 1980, 1981, 1983; 
Singh e^ al_., 1985). Dubey and his associates at Ujjain investigated 
the effect of SO^ and f ly ash on the chlorophyll contents and the 
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dry-matter production of crop plants (Dubey ^ a l . , 1982a,b). Similar 
studies were carried out by Mishra (1980) and Mishra and Shukla 
(1986a,b) at Kanpur. 
In addition to foliar responses, the growth of stem is also 
affected by the pollutants directly or indirectly. A positive correlation 
often exists between the secondary growth of plant and the leaf 
formation. Also, the greater the number of leaves produced, the larger 
the amount of the secondary xylem formed (or the stem circumference) 
(Satoo, 1956) . Sachs (1972) has shown that the differentiation of stem 
fibres depends on stimuli originating in very young leaf primordia, and 
that early removal of these leaf primordia prevents formation of fibre 
strands. Young (Aloni, 1978) and mature (Aloni, 1976, 1978) leaves 
of Coleus are the source of signals for f ibre differentiation in the 
stem; when leaves are excised no fibres differentiate in the stem. Teh 
and Swanson (1982) found that exposure of the leaf of P. vulgaris to 
pollutants inhibited the rate of net photosynthesis; at the same time 
the rate of translocation of photosynthate from the leaf decreased. 
However, there is a general lack of information concerning 
the response of leaves and the secondary plant growth to different 
pollutants. Some preliminary reports indicate that the secondary-xylem 
production is markedly retarded in certain trees (Gril l e^ aj,., 1979; 
Ghouse ^ a l ^ . , 1984a,b, 1986a; Mahmooduzzafar a Iqbal, 1988). Reduced 
production of the secondary phloem in trees (Ahmad S Kalimullah, 
1988), and the general anatomical variations in certain annuals (Ahmad 
^ a l . , 1987; Ghouse et a l . , 1985, 1986b, 1989; Iqbal ^ , 1986a,b. 
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1987a,b; Mahmooduzzafar ^ a l . , 1986, 1987; Salgare a Chakaraborty, 
1988; Saquib ^ ., 1986) are also on record. 
Enough progress has been made in the last few decades 
towards documenting the impact of air pollution on vegetation, but 
several aspects related to the impact of coal-smoke pollution need 
further elucidation. Given this, it was thought relevant • to study the 
effects of the pollutants emitted from the Thermal Power Plant Complex 
at Kasimpur on the morphology and growth of Cassia sophera L. and 
Sida rhombifolia L. The study carried out for three consecutive years 
brought out changes due to the pollution at three developmental stages 
of the selected plants under field conditions. 
GEOGRAPHICA L SET-UP 
-9-
The AUgarh District lies in the North-West of Uttar 
Pradesh (a Northern State of India) in the fertile agricultural area of 
Ganga-Jamuna Doab between 27° 29'N and 28° 11'N latitude and between 
77° 29'E and 78° 38'E longitude (FIG. 1 ) . Kasimpur town, the site of 
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FIG.l: ALIGARH DISTRICT 
the Thermal Power Plant Complex, lies in the Morthal Pargna of the 
Koil Tahsil in this District. On the northern border of the town, 
flows the Upper Ganges Canal. This place is about 16 km. (road 
distance) in the north-east of the AUgarh City (FIG. 2) , situated 
between 27° 59'N and 28° 3'N latitude and between 78° 8'E and 78°93'E 
-10-
longitude, about 187 meters 
above the sea level. 
SOURCE OF POLLUTION 
AT EXPERIMENTAL SITES: 
The Thermal 
Power Plant Complex of 
Kaslmpur was selected 
as the source of pollu-
tion in the present 
study. The Complex, 
one of the three major 
Thermal Power Plants of 
Uttar Pradesh, is located 
along the banks of the 
Upper Ganges Canal 
running in the north-west 
to south-east direction 
and consists of three power stations (A , B, Q C) having a 
capacity of 90MW, 210MW and 230MVV electricity generation, respectively 
(Plate I ) . 
The whole complex runs on the bituminous coal transported 
from various collieries of North India. The chief chemical constituents 
of coal are 2.92% moisture, 22.20% ash, 31.86% volatile matters 
including 0.49% sulphur, 5.61% hydrogen, 5.24% nitrogen, 20.23% oxygen 
Q ROADS 
( S I RAILWAY TRACK 
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EXPERIMENTAL SITES 
FIG.2: KOIL TASHIL (AUGARH) 
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and 42.45% fixed carbon on an average (Table 2) . 
The data reveal that the average coal consumption at the 
source in questio n (Table 3) hovers around 1,28,544 metric tons for 
Plant ' A ' , 5,35,971 metric tons for Plant 'B' and 8,66,200 metric tons 
for Plant ' C . The total annual coal consumption in the three Plants 
comes to the tune of 1,530,715 metric tons. The daily average coal 
consumption is about 4194 metric tons. The average monthly and 
daily coal consumptions during the different seasons (winter, summer 
a monsoon) are given in Table 3. On the other hand, the unburnt coal 
possess considerable amounts of carbon sulphur, hydrogen, nitrogen and 
oxygen and, when subjected to 1200°C - 1400®C high temperature for 
its cumbustion, obviously produces CO2 , SO2, H^, NO^ and O2. These 
gases spread into the atmosphere, through various stacks, as 
I 
pollutants. The computed amouyi of CO2, SO2 and NO^ being released 
into the atmosphere in kg per hour and ppm per hour are given in 
Table 4. 
SOILS AND EDAPHIC ENVIRONMENT: 
The f ive experimental sites, selected for the present study, 
have a similar soil structure categorised by the Agricultural 
Directorate (Soil Survey and Research, AUgarh) as type III (FIG. 3). 
This consists of loam and clayey loam types of soil with a very high 
pH value and very poor drainage system. The layer of loam and 
clayey loam lies to a depth of 2.0-6.0 meter from the ground surface. 
-12-
The quantity of clay is 
maximum in the top layer 
and decrease gradually 
downwards. 
The soils in 
these regions are ash grey 
in colour and become black 
when moist. There is 
practically no sign of 
illuviation of sequioxides 
in the profi le. Fe ^ d 
A1 remain stationary. The 
bad drainage results in 
the deposition of sodium 
salts on the surface; the 
average soluble s^it 
content is high. During 
USAR 
^ TYPE I I I 
0 3 TYPE IV 
^ KHADAR 
@ SITES 
]CANAL 
FIG.3: KOIL TAHSIL SOIIS 
drought periods, the land becomes white and salt infested. These 
soils are mostly of alkaline nature. Leaching of lime is marked in 
the layer, while lime occur in small quantities throughout the profile 
(Table 5 ) . 
This type of soil is subdivided into loam, loam 
halomorphic, clay loam and clay. Locally these soils are called as 
CHICKNOT and MATIYAR. The physico-chemical, chemical and 
mechanical analyses are given in Table 5. 
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METEOROLOGY: 
The study area experiences a dry and tropical monsoon type 
of climate with seasonal rhythm marked by the north-east to south-
west monsoon. The year comprises three principal seasons v i z . cold 
weather season (winter) hot weather season (summer) and rainy season 
(monsoon). 
The cold weather season/winter (October to March); The south-west 
monsoon starts declining in mid October and ceases by late November. 
The beginning of winter season is marked by a considerable fal l in 
temperature (FIG. 4 ) . In this season, a relatively low pressure 
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exists over the Indian seas, thus causing winds to blow from plain 
towards seas. 
The mean maximum temperature varies from 26.63°C in 
November, 22.78°C in March, while the average minimum temperature 
for these months is 13.77°C, 8.75°C, 8.20°C, 11.12°C, 16.07°C, 
respectively (FIG. 4 ) . Nights are very cold while days are 
comparatively warmer with foggy mornings. 
vVind direction during the winter season is predominantly 
from east to west, west to east or south-east to north-east. The 
winds during this season are light, and blow at an average speed of 
1.88 km/hour (FIG. 5A). The relative humidity during this season 
ranges between 56.07% to 77.15% with an average of 68.19% (FIG. 6 ) . 
The rainfall is irregular and sporadic (FIG. 7) . it is very cold in 
the month of January (8.20°C - 21.61°C); the temperature begins to 
rise (16.07°C - 30.97°C) in March (FIG. 4 ) . 
The hot weather season/summer (April to June): This season extends 
from March to June. It begins with an appreciable rise in 
temperature and a decrease in pressure. Due to wide range of 
temperature during the summer months, days are warm and nights are 
pleasant. The minimum and maximum temperatures in April are 22.21°C 
and 38.50°C respectively. The temperature continues to rise during 
May (25.66°C - 39.44°C) and June (27.55°C - 40.08°C) (FIG. 4 ) . Days 
are hot and dry, the relative humidity declining to 37.07, 42.56 and 
49.31 in the months of April , May and June, respectively (FIG. 6). 
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The hot day winde blowing with high velocity form a 
regular phenomenon. The velocity of winds beings to increase steadily 
from April . The average wind speed in this season is about 4.31 
km/hour, with a maximum of 5.32 km/hour (FIG. 5B). The wind 
speed rapidly increases during 8 a.m. to 1 p.m. causing the wind to 
blow almost with the force of gale during the next 2-3 hours. It then 
falls suddenly by 6 p.m. and a calm usually prevails during the 
night. 
Dust and thunder storms are frequent in the afternoons of 
the summer days, sometimes accompanied by rains. The rains are 
rare, sporadic, short lived and highly variable in amounts. The 
average monthly rainfall, is about 2.53 mm for April, 39.00 mm for 
May and 66.73 for June, the overall average for the summer being 
36.08 mm (FIG. 7) . 
The monsoon/rainy season (July to October): The atmospheric 
temperature falls with the arrival of the humid oceanic currents and 
the air becomes cool and pleasing by the end of June. The average 
minimum and maximum temperatures fa l l to 26.36°C and 35.45°C in 
July, 25.67°C and 34.36°C in August, 24.85°C and 35.50°C in September 
and 19.96 to 33.78°C in October (FIG. 4 ) . The average relative 
humidity is 73.73%, 76.30%, 69.73% and 62.82% for these months, 
respectively (FIG. 6). The sky is generally overcast. Rains set in 
usually by the June end or early July and continue until the end of 
September or early October. The maximum rain fal l (about 215.33 mm 
-18-
and 205.00 mm) was observed in the months of July and August 
respectively (FIG. 7 ) . During this season, winds blow predominantly 
from east - west, to west - east, and to south-west to north-east, 
to south-west and to south-east to north-west (FIG. 5CJ with an 
average speed of 3.54 km/hour. 
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FIG.SC: VELOCITY & PERCENTAGE OF WIND 
DIRECTION DURING MONSOON SEASON 
SELECTION OF THE EXPERIMENTAL SITES: 
Under these meteorological and ecological conditions, f i ve 
sites named as f ie ld stations ' A ' , ' B ' , ' C , 'D' and 'E*. were 
selected for the present study. A l l the sites had almost similar 
grassland communities. Station 'A ' was maintained within H km from 
the pollution source, the remainders being about 2 km, 6 km, 12 km 
and 16 km away from the pollution source. The stations were laid 
down along the canal road side in the down stream direction (FIG.8) , 
since the wind predominantly blows in this direction for most part 
of the year (FIG. 5A, B ,C) . 
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FIG. 8: LAY OUT PLAN AND LOCATION 
OF EXPERIMENTAL SITES 
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TablB-3 : Data on Coal Consumption( in Metric Tons) in the Thermal Power 
Plant Complex of Kasimpur (An average of data for the years 
1986-1988) 
Months Power Stations B 
Total Monthly 
Consumption 
Nov. 08530 42650 72059 123239 
Dec. 09240 53153 83674 146067 
Jan. 10992 48070 93579 152641 
Feb. 12830 38128 78697 129655 
March 18941 56674 85688 161303 
April 14338 52810 72844 139992 
May 12665 53252 67929 133846 
June 08627 38382 58957 105966 
July 07920 26623 56011 090554 
August 07322 38403 63050 108775 
Sept. 08899 42852 66602 118353 
Oct. 08240 44974 67110 120324 
Total in Winter 60533.00 238675.00 413697.00 712905.00 
(Nov, - March) 
Monthly average 12106.60 47735.00 82739.40 142581.00 
vVinter daily 400.88 1580.63 2739.15 1953.16 
average 
Total in Summer 35630.00 144444.00 199730.00 379804.00 
(Apri l - June) 
Summer monthly 11876.67 48148.00 66576.67 126601.33 
average 
Summer daily 391.54 1587.30 2194.84 4173.67 
average 
Total in Mansoon 32381.00 152852.00 252773.00 438006.00 
(July - Oct.) 
Mansoon Monthly 08095.25 38213.00 63193.25 109501.50 
average 
Mansoon daily 263.26 1242.69 2055 .00 3561.00 
average 
Annual consumption 128544.00 535971.00 866200.00 1530715.00 
Average monthly 10712.00 44664.25 72183.33 127559.58 
consumption 
Average daily 352.17 1468.50 2373.15 4193.74 
consumption 
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TablB-5 : Physico-chemical and mechanical analysis of soil samples 
collected at the time of different plant collections from 
various depth at Kaslmpur. 
Physical Analysis (%) Pre-
f lowering 
Flowering Post-
flowering 
Moisture holding capacity 
pH 
Total exchangable bases 
Exchangab la Ca 
Exchangable Mg 
Exchangable Na+K 
48.00 
08.41 
10.00 
09.48 
00.59 
00.48 
45.40 
08.20 
09.62 
08.50 
00.69 
00.48 
45.67 
08.15 
09.15 
06.24 
00.56 
00.34 
Chemical Analysis (%) 
Moisture air 
Loss of ignition 
HCl insoluble 
Sequioxides 
MgO 
K.O 
CO 
Water Soluble Salt 
Carbonates (Na-CO^) 
Bicarbonates (NaHCO„) 
Total Nitrogen 
Chlrorides (NaCl) 
Sulphates (Na2S0^) 
00.53 
01.70 
80.73 
11.42 
03.80 
00.09 
06.45 
00.98 
01.01 
00.70 
01.23 
00.08 
00.010 
00.050 
00.070 
00.017 
05.500 
00.52 
02.01 
81.37 
11.65 
04.36 
00.09 
07.20 
01.61 
00.50 
00.62 
00.93 
00.07 
00.004 
00.043 
00.073 
00.013 
04.120 
00.46 
01.54 
77.50 
11.05 
04.37 
00.08 
06.21 
00.77 
00.52 
00.64 
01.25 
00.073 
00.002 
00.005 
00.075 
00.017 
Nill 
Mechanical Analysis 
Sandy Coarse Sand 
Fine Sand 
Silt 
Clay 
01.390 
52.210 
21.060 
23.13D 
01.260 
49.480 
21.090 
22.140 
01.53 
51.11 
21.00 
21.47 
PLA TE-1 
KASIMPUR THERMAL POWER PLANT COMPLEX (A.B S C) 
B&C 
MATERIALS //s METHODS 
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VBGETATION PATTERN: 
The Upper Ganges Canal passing through Kasitnpur is 
bordered by grassland vegetation. A brief survey was conducted up 
to 16 km down the stream in different seasons. Bushes with wide 
gaps, and trees planted in patches were of common occurrence. The 
components of the community changed with season, but its structure 
remained almost uniform in all the seasons at the selected sites. 
The following two annual species abundantly growing at each 
site, were selected for detailed study: 
1. Cassia sophera L. (Ceasalpinaceae) 
2. Sida rhombifolia L. (Malvaceae) 
PLANT DESCRIPTION: 
I 
1. Cassia sophera L. , locally known as Kasondi; a small shrub, 1.5-
2.0 meter high; leaflets 4-10 pairs, oblong, lanceolate, petiolar gland 
located 1-1.5 cm above the thickened base of petiole, linear clavate; 
flowers in 4-8 flowered axillary and terminal racemes; stamens 10, 
6-7 perfect; pod terete, 6-8 c.m long; 30-40 seeds arranged in double 
row, seeds compressed, flattish-rhomboid, polished; flowering from 
August to November; Fruiting from October to January. 
2. Sida rhombifolia L . , var. obovata, much branched under shrub 
with ascending branches; leaves variable, broadly obovate or nearly 
orbicular, base cuneate, margin toothed at least in the upper half; 
flowers pale orange, axillary or clustered at ends of the branches; 
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peduncles jointed near the middle; carpels usually each shortly 2-
ovvned; flowering from August to October and fruiting from September 
to December. 
The seeds were collected from the natural populations of 
the selected species growing around the Botanical Garden of the 
Aligarh Muslim University, located about 16 km crossed wind direction 
from the selected source of pollution. The seeds so collected were 
2 
broad-cast in an area of 40 meters ( 8 x 5 meters) at the cleared 
selected sites of the present investigation. 
The effects of coal smoke pollutants, released by the 
Kasimpur Thermal Power Plant Complex were studied on the form and 
performance of the selected species at three different stages (pre-
flowering, flowering and post-flowering stages) during the plant 
growth, with ten individuals per plant per site for three consecutive 
years. 
MORPHOLOGICAL STUDIES: 
1. Leaves number plant"^, 2. Total leaf area plant"^, 3. Leaf dry 
weight plant"^, 4. Shoot length, 5. Root length, 6. Plant height, 
7. Root length:Shoot length ratio, 8. Stem dry weight, 9. Root 
dry weight, 10. Root : Shoot dry weight ratio, 11. Number of 
flowers, seed pods and capsule plant~^. 
BIOCHEMICAL STUDIES: (Leaf pigments 6 minerals) 
13. Estimation of chlorophyll a, 14. Estimation of chlorophyll b, 
14. Estimation of carotenoid, 15.Estimation of Cu,Fe,Pb, S and Zn. 
ANOTOMICAL STUDIES: 
a ) Epidermal trai ts : 16. Stomatal size, 17. Size of stomatal 
pore, 18. Stomatal index, 19. Trichome length, 20. Trichome 
frequency. 
b) Root 8 shoot anotomy: 21. Fibre length in stem and root, 
22. Vessel element size in stem and root, 23. Frequency of vessel 
elements in stem and root, 24. Area estimation of cortex, vascular 
tissue and pith in stem and root. 
MORPHOLOGICAL PARAMETERS: 
The plant height, root length and shoot length were 
measured in cm. The shoot length covered the plant axis from the 
ground level to the upper most growing tip of the main axis. For 
root length, the main tap root was measured from the ground to the 
root t ip. The plant height indicates the length of the entire axis 
extending from root tip to shoot t ip. 
To find out the biomass of the root, shoot and leaf, the 
samples were even dried separately at 80°C for 48 hours and dry 
weight (in grams) was determined on a chemical balance. 
Fully opened leaves were counted per individuals the 
selected weeds. Outlines of the randomly selected ten leaves were 
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drawn on a tracing paper and the areas occupied by these drawings 
were measured with the help of a planimeter. For very small leaves, 
the area was calculated on graph paper. 
The average area of a single leaf was multiplied by the 
total number of leaves per plant to obtain the total green leaf area 
2 in cm per plant. 
Flowers, seed pods and seed capsules per plant were 
counted in the flowering and post-flowering phases on randomly 
selected individuals of each species. 
CHEMICAL ANALYSIS: 
Chlorophyll and Carotenoid estimation: Immediately after the 
collection, leaves were cut in approximately two mm segments. About 
50 mg of these segments were as mg/g fresh weight according to the 
formulae of Maclachlan and Zalik (1963) and Duxbury and Yentsch 
(1956) for chlorophyll and carotenoids, respectively. 
fr^ w - 12.3 D663 - 0.86D645 „ ,, 
Chi a mg/g frw = d X 1000 X W ^ 
r^ Ki V, fr^ u, 19.3D645 - 3.60D645 „ ,, 
Chi b mg/g frw = d X 1000 X W ^ ^ 
^ . / P 7.6D480 - 1.49D510 „ „ 
Carotenoids mg/g frw = — d X 1000 X vV ^ ^ 
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Sulphur estimation: The oven dried samples of leaves were ground 
and passed through 72 mm mesh screen. 0.3 gram screened powder 
and 0.1 ml selanium dioxide (Se02) solution were digested using 10 
ml HNOg and 1 ml HCl. The digested material was filtered in 100 
ml volumetric flask. The volume of the digested material was made 
up to 100 ml with 10 ml of 3% glycerol, and added with 5 ml of 2% 
BaCl2 before using spectrophotometer. Optical density was noted at 
420 nm. Finally, with the help of a standard curve of potassium 
sulphate solution, the actual sulphate concentration was- determined 
and expressed in MgSO^ in unit dry weight (Patterson, 1958). 
Estimation of Cu, Fe, Pb and Zn: 72 mesh screened dried sample of 
leaves of the selected species was digested using HNOg and HCIO^. 
The digested material was filtered in 100 ml volumetric flask and the 
volume was made up to 100 ml with the double distilled water. Cu, 
Fe, Pb and Zn were determined in each solution by the atomic 
absorption spectrophotometer. 
ANATOMICAL STUDffiS: 
a) Epidermal traits: The epidermal peels were obtained 
by the method of Ghouse and Yunus (1972) using hot HNO^. The peels 
processed in the customary ethanol series for dehydration and stained 
with Iron alum haematoxylln and Bismarck brown combination (Sass, 
1958), were mounted in Canada balsam. 
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The dimensions of stomata and trichomes were measured 
with an ocular micrometer scale. The stomata 1 index (S . I . ) was 
calculated using the formula of Salisbury (1927): 
SI = ^ X 100 
where: S and E represent numbers of stomata and epidermal cells 
respectively, in a microscopic f ie ld. Counts of these cells were made 
on a compound microscope. 
b) Root 5 shoot Einatomy: The collected samples were fixed in FAA 
and transferred to an alcoglycerol mixture for softening and 
preservation. To study the anatomical variation within the stem and 
root, fibres and vessel elements were macerated by treating with hot 
HNOg the slices of wood taken from the third internode, and the 
slices of root, taken from 1 cm below the ground, until the elements 
became free and loose (Ghouse 8 Yunus, 1972). Of the macerated 
elements, 50 vessel members and 100 fibres per samples were 
measured on a random basis with the aid of an ocular micrometer 
scale. Twelve micron thick transverse sections were obtained on a 
Reicherts sliding microtome from the third internode of the stem and 
root samples collected from different experimental sites in order to 
estimate average width, relative abundance and proportion of the 
cortical, vascular and pith regions. The sections, stained with 
Heidenhains haematoxyUn and Bismarck brown (Johansen, 1940), and 
dehydrated in ethanol series, were mounted in Canada balsam. The 
- 5 0 -
proportion of various stem and root components were calculated by 
the method based on the weights of paper cuttings of the camera 
lucida drawings made on "a tracing paper of uniform thickness (Ghouse 
a Iqbal, 1975). 
STATISTICAL ANALYSIS: 
The data collected on the morphology and growth of the 
selected plants were analysed statistically as under: 
Mean (X ) : The arithmetic mean or simple mean or the so-called 
average value is easily computed by taking the sum of a number of 
values (X. + X + X„ + X. X ) , and dividing it by the total 1 ^ o 4 n 
number of values (n) involved, thus: 
X = (X^ - . X3 . X^ . X^) 
n 
V EXn or X = n 
where: X^, X2, Xg, X^ X^ are the observations. 
n, is the total number of observations involved. 
Standard Deviation (S.D. ) : Standard deviation, or the standard range 
of observations is the positive square root of the average of sum of 
the squares of deviations of al l observations from their mean 
symbolically. 
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S.D. f o r Inr-e uauyjlcc ( n ) 
S.D.= ± = + (K'X^)^ + (X-Xg)^  + (X-X^ )^  
n 
S.D. for small samples (o-n-1) 
S.D.= ± + (X-X2J^ + (X-Xg)^ + (X-X^)^ 
n-1 
where: 
X = Mean of the observations involved 
X . , X„, X-: X ±: Observations. 1 2 3 n 
n = Number of observations involved. 
Per cent variation (P .V . ) : To show and compare the relative 
variabil it ies of two or more sets of measurements entirely in different 
units, per cent variation was calculated. This is a unitless number 
and measures the magnitude of variation present between the mean of 
two sites relative to the average of the sites selected as standard 
for comparison. 
Fcrmu3a used for per cent variation between site E (16 km away from 
pollution source) and other sites (A, B, C Q D) . 
Sites (Distance from pollution source) Formula 
A (H km) X., - X. 
( + / _ ) ^QQ 
Contd... 
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X — X 
B (2 km) (+/-) X 100 
X - X 
C (6 km) (+/-) ^ —XlOO 
D ( 1 2 k m ) ( -/ - ) " X 100 
^E 
X . , Xp, X- , Xp^  and Xp = Arlthmatic mean of a parameters at site 
^ A Cs km), B (2 km), C (6 km), D (12 km) 
6 E (16 km). 
Test of significance: This is a device to find out whether two 
observed means of values differ significantly from each other, or this 
difference is merely a result of chance influence. A test of 
significance about the validity of a result. 
Students t-test or t-test: This test was applied in the present study 
to test significance of the difference between two sample means. 
The following formula was used compute t-values which 
were compared with the table values of ' t ' at their particular 
degrees of freedom. If the calculated t-value exceeded the table t-
value, difference between the two samples was significant, otherwise 
the difference was attributable to chance factors. 
Difference of two sample means 
Standard error of the difference 
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''i - S 
or t = 
where X^ = Arithmetic mean of one sample 
X2 = Arithmetic mean of other sample 
SD^ = Standard deviation of one sample 
SD^ = Standard deviation of the other sample 
n^ = Number of observations of one sample 
n^ = Number of observation of the other sample 
Degree of freedom (D.F. ) : The degree of freedom, to be applied to 
number of data, in t-test was calculated as : 
D.F. = n^^ + n^ - 2 
where n^  = Number of observations on one sample 
n^  = Number of observations on the other sample 
Least significant difference (L.S.D. ) : The least significant difference 
(L.S.D.) was computed using the following procedure: 
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Rows 
Replicates 
Column (Treatment) Number Total of rows Squires 
(Replicates) of Total 
(E) of rows 
°2 
S A3....83=83 (X3)2 
A.+ ...E.=E . 4 4 4 
5 5 5 (X3)2 
Total of 
column (S ) 
W 
X 
vv r 
Squire of 
Total of 
column ( s ) 
(Y3)2 WY 
Sum of squire 
of Total of 
co,lumn ( s ) 
^2 
^ • 
= W z 
Correction factor ( C . f . ) : 
Cf = 
or Cf 
(Grand Total) 
t . r . 
t . r . 
where, t = No. of treatment, r = No. of replicate, W = Grand Total. 
X 
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Total sum of squares (SSQT): This is the sum of squares of all the 
values in the table, lass the correction factor. 
SSQT = [(A^)^ + + . . . (Eg)^] - Cf 
or SSQT = W - Cf z 
Sum of squares of treatments (SSQt): 
SSQt = + {Y^)^ + (Yg)^ (Yg)^] - Cf 
( r ) 
W 
SSQt = ^ - Cf 
Sum of squares of rows (SSQr): 
SSQr = + [X^)^ + (Xg)^ . . . . (Xg)^] - Cf 
_ 
w 
SSQr = — ^ — - Cf 
Sum of squares of error (SSQE): 
SSQE = SSQT - (SSQt + SSQr) 
Estimated variance of error (MSE) 
SSQE MSE (t - 1) ( r - 1) 
Least significant difference, based on the ordinary t-test (L.S.D.) 
LSD at 5% level = —1_MSE— ^^  ^ ^^^^^ ^^  ^^ ^^^^^ 
LSD at 1% level = ^ ^^^ X t value at 1% level 
If the difference between any two sample means exceeds 
the least significant difference (L.S.D, ) values obtained at 5% level 
or 1% level, the difference between the two means is said to be 
significant at 5% and or 1% level respectively. 
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OBSERVAZ/TIONS 
37 
The upper Ganges Canal passing through Kasimpur is 
bordered by grassland vegetation on its bank. A brief survey was 
made upto 16 km down the stream and two plant species, Cassia 
sop her a and Sida rhombifolia, were selected for the detailed study. 
During the survey chlorpsi^ necrosis, burning and f leckingwere found 
to be of common occurrence on the foliage of these two species, due 
to abnoxious gases (coal-smoke) in the atmosphere. 
Annual plants vary over a wide range in sensitivity to 
coal smoke pollutants as they grow from seedling stage to maturity. 
This factor combined with differences in the environmental condition 
has led to much confusion with respect to the relative order of 
sensitivity among various plant species. Plate 2 shows different 
kinds of the foliar injury and a healthy leaf of Cassia sophera. 
While flecking and yellowing extend from the base of the leaflets 
upward plate 2B 8 2C. The photographs (Plate 2D, 2E a 2F) show 
tip bum, surface burning and necrosis under heavily polluted area 
i . e . about 6 km from the Power Plants. 
The photographs in Plate 3 demonstrate injury pattern 
symptomatic of coal smoke pollution on the foliage of Sida 
rhombifolia, showing chlorosis on tip and also deposition of soots 
(Plate 3B 8 3C) and the marginal necrosis, curling surface and lesions 
of buurn (3D 8 3E) that are due to the deposition of hot coal 
particles oozed out with coal-smoke through the stacks of the Power 
Plants at the nearest distance. These observations establish that the 
foliage of the studied plants is affected substantially. 
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Responses of the species investigated vary in degree of 
severity depending on the distance from pollution source of the 
location of the test plants, and the difference in the development 
stage of the plant (pre-flowering, flowering and post-flowering). For 
the sake of convenience, the different parameters are dealt with 
separately on a comparative basis. 
PLANT MORPHOLOGY: 
Least number plant Number of leaves per plant was taken as one 
of the growth parameters to study the performance of Cassia sophera 
and Sida rhombifolia growing around the Thermal Power Plants and 
upto 16 km mark from i t . Observation recorded in Tables 6 8 7 
with respect to leaves per plant were taken at difference stages of 
plant development. 
Table 6 comprises the data on the foliage per plant of 
Cassia sophera and per cent variation in the different developmental 
stages at the first four sites (A, B, C, and D) over the reference 
site (E) . The population suffered in al l stages of growth up to 12 
km from the pollution source as compared to the site E. However, 
this loss in number gradually declined with increasing distance from 
the pollution source. The highest significant per cent reduction 
occurred at site C (6 km away from pollution source) in each of the 
pre-f lowering, flowering and post-flowering stages, being 50% 37.82% 
and 61.77%, respeectively. 
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The results obtained on the average leaf number per plant 
in Sida rhomblfoUa (Table 7) show that in pre-flowering stage, the 
average leaf number per plant suffered gradually from the pollution 
source up to 12 km, as compared to site E (16 km away from the 
source). The degree of the loss were nonsignificant (7.14% and 
30.00%) at site A and D. However, site B and C showed significant 
losses, i . e . 40.00% and 41.43% respectively, as compared to the site 
E. The leaf number continued to suffer in all the sites at flowering 
stage but showing a nonsignificant per cent variation. In the post-
flowering stage, the trend of the loss was similar to that in that in 
the pre-f lowering and the flowering stages, but the response was 
higher in this stage, the losses at A, B, C, and D being 18.14% 
(nonsignificant), 62.60%, 45.58% and 43.20% (significant), as compared 
to the reference site. 
Total leaf area per plant: Tables 8 and 9 present data on the 
average single leaf area and total leaf area per plant respectively 
in Cassia sophera at the different experimental sites and the stages 
of plant development. The data on pre-f lowering, flowering and post-
flowering stages do not indicate any remarkable loss or gain in the 
average single leaf area (Table 8) . However, the total leaf area per 
plant in pre-flowering stage suffers a significant loss around the 
Thermal Power Plant (45.90%) and 6 km away (47.35%). However, the 
total leaf area in the flowering stage indicates a nonsignificant gain 
at site A and a loss at the rest oi the sites, compared with the site 
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E. However, in post-flowering stage the loss was significant up to 
a distance of 6 km from the pollution source, i . e . 47.98% at h km, 
65.70% at 2 km a maximum of 66.57% loss at 6 km (Table 9 ) . 
Table 10 and 11 provide similar data on Sida rhombifoU.a, 
showing remarkable significant losses i . e . 46.64% and 50.07%, at h km 
and 12 km from thee pollution source, respectively. At site B and 
C, the loss was nonsignificant at the pre-flowering stage. At the 
flowering and post-flowering stages there was a remarkable loss or 
gain up to 6 km. However, at 12 km from the pollution source, the 
loss was significant (63.36%) at the flowering stage, whereas at the 
post-flowering stage, a significant gain (49.45%) occurred at this site, 
compared with the reference site E (Table 10). 
The data in Table 11 indicate that the total leaf area was 
affected severly at al l the experimental sites as compared with the 
reference site, in pre-f lowering stage, the loss being 40.64%, 50.45%, 
65.00% and 49.76% at sites A, B, C and D respectively. The 
flowering and post-flov/ering stage of this plant also show great loss 
in total area in all the experimental sites (A, B, C 8 D) over the 
reference site E. The loss was 33.27%, 42.32%, 67.05% and 61.20% 
respectively at the flowering stage and 15.00%, 61.00%, 69.05% and 
34.67% at the post-flowering stage (Table 11). 
Leaf biomass: The data on the leaf dry weight in relation to plant 
development stage and distance from the pollution source are 
summarised in Tables 12 Q 13. Plants of Cassia sophera suffered 
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heavily in all stages at all sites other than the reference site. The 
toss at pre-flowering stage was 52.70%, 58.08%, 68.08% and 52.43% at 
site A, B, C, and D respectively. It was 65.85%, 71.95%, 53.66% and 
15.61% in the flowering stage and 61.24%, 53.98%, 50.44% and 22.12% 
in the post-flowering stage at the given distances from the pollution 
source (Table 12). 
The data on Sida rhombifolla (Table 13) indicate that the 
leaf biomass at pre-f lowering stage was significantly reduced at the 
experimental sites A, B, C, and D, the loss being 35.60, 36.34, 37.17 
and 36.64 per cent respectively. At the flowering stage the reduction 
in the leaf biomass was nonsignificant at al l the experimental sites 
except at site C. Similarly, the post-flowering stage was marked 
with a significant reduction 42.10%, 47.37%, and 28.42% at site B, C 
and D respectively over the reference site E. However, at site A 
(in the vicinity of the Power Plant), the reduction was nonsignificant 
(Table 13). 
Shoot length: The observations summarised in Table 14 bring out the 
variation in shoot length of Cassia sophera at the selected 
development stages at different experimental sites. In the 
pre-flowering stage, shoot length suffered significantly at 6 km (Site 
C) and 12 km (Site D) distances with 55.15% and 25.25% loss 
I 
respectively. Around the Power Plant up to 2 km distance, the 
reduction in height was insignificant. Likewise, the flowering stage 
exhibited a nonsignificant reduction in shoot length up to 2 km from 
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t h e p o l l u t i o n s o u r c e . V e r y s i g n i f i c a n t r e d u c t i o n i n s h o o t l e n g t h 
( 6 2 . 0 4 % a n d 6 0 . 1 5 % ) w a s , h o w e v e r , o b s e r v e d a t s i t e C 5 D . 
Convrsely, in the post-flowering stage, all the sites (A, B, C Q D) 
compared to the 
showed a remarkable shoot length reduction^site E (Table 14). 
Table 15 presents comparable data on Sida rhombifolia. 
In pre-flowering stage, the average shoot length suffered significantly 
(by 35.40% a 47.40%) at site B 8 C respectively. However, the 
reduction was nonsignificant in the vicinity of the Power Plant and 
at 12 km from the source of pollution (Table 15). At the flowering 
and post-flowering stages the shoot length reductions were statistically 
significant at al l the experimental sites. The data on degree of the 
loss indicate that shoot length development was more prone to coal 
smoke pollutants in the flowering stage than in the pre-f lowering and 
post-flowering stages (Table 15). 
Root length: Root length gives an idea of the capacity of individual 
species in a population to establish itself , thereby giving an over 
all estimate of success or failure of the selected species growing 
around a pollution source. The data recorded on root length are 
presented in Tables 16 and 17. 
In all the selected stages of Cassia sophera, the root 
length shows neither a significant decrease nor an increase in 
comparison to the plants growing at the reference site. However, 
at site C (6 km), the post-flowering stage has a significant increase 
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( 3 7 . 3 8 % ) i n t h e r o o t l e n g t h ( T a b l e 1 6 ) . 
Sida rhombifoUa, in the pre-flowering stage (Table 17), 
shows the highest loss of root length i . e . 50.57%, and 33.79%, atsite 
B (2 km) and C (6 km), respectively, compared to site E (16 km) 
The difference at other sites was not significant. In the flowering 
stage, root length was significantly greater at site A (vicinity of the 
Power Plant) and site C (6 km away) showing a gain of 79.36 and 
43.64 per cent respectively, over the reference site. Site B S D did 
not dif fer markedly from site E. In the post-flowering stage, root 
length showed a significant increase (71.67%) near the Power Plant 
while the variations at Sites B, C 8 D were statistically nonsignificant 
(Table 17) . 
Root length:shoot length ratio: Table 18 shows mean variation of the 
root length-shoot length ratio in Cassia sophera at the selected sites 
and stages of plant development. The highest ratio (1.12) over the 
reference site was found at site C in the pre-flowering stage. 
Whereas at the flowering stage the highest value (0.37) was recorded 
at site C followed by a sharp decline iin the ratio at site D (0.30) 
respectively. At the post-flowering stage also, a similar trend in 
ratio maximum values of 0.44 and 0.23 site C Q D) was noticed 
(Table 18). 
In the pre-flowering stage of Sida rhombifolia (Table 19), 
the mean ratio was highest (0.83) at site C, over the reference site. 
i i 
Among al l the stages of observations, mean variation in root 
lengthrshoot length ratio was found to be the highest 0.50 and 0.34 
in the ftowering stage at sites C and D respectively. Even in the 
post-f towering stage, the highest mean ratio (0.32 6 0.28) was 
recorded at sites C 8 D respectively (Table 18). 
Stem biomass: Observations show that the average stem biomass of 
Cassia sophera suffered significantly up to 12 km from the Thermal 
Power Plant in all the growth stages as compared to the biomass 
recorded at the reference site. The plants were more severely 
affected in the ftowering stage at site A, B fi C, with 75.42, 83.28 
and 67.27 per cent tosses, respectively (Table 20). 
A similar pattern of toss in stem biomass was noted for 
Sida rhombifolia in al l the selected stages of plant growth (Table 
21) . The degree of the toss at the pre-ftowering stage was more 
severe at the different sites compared with the reference site. In 
other stages (flowering and post-ftowering) also, stem biomass showed 
a significant variation except at site A (in the flowering stage). The 
highest toss (70.00%) in this stage occurred at site C. However, 
degree of the toss in the post-flowering stage was almost constant at 
all sites and ranged between 29.64% to 37.50% (Table 21). 
Root biomass: The data on root dry weight of the selected species 
are contained in Tables 22-23. In the pre-flowering stage, plants of 
Cassia sophera suffered significantly (up to 20.00%, 25.71% and 25.71% 
45 
at sites B, C and D) as compared with the reference site (E ) . In 
the flowering stage, root dry weight suffered severely at all the 
selected sites, the loss being highly significant ( i . e . 75.91, 63.18, 
75.00 and 31.82 per cent) at sites A, B, C and D respectively. 
However, in the post-flowering stage, the loss was significant at sites 
a 6 C only (Table 22). 
The data on Sida rhombifolia (Table 23) indicate a 
significant toss in root dry weight in the pre-flowering stage in al l 
the sites up to 12 km from the pollution source. In the flowering 
stage, the loss was comparatively less but at site C where root 
biomass was significantly reduced. The parameter was seemingly more 
prone to the pollutants at the post-flowering stage and the extent of 
toss was similar to that in the pre-flowering stage. However, root 
biomass is highly affected at site C, in al l the three development 
stages (Table 23). 
Root-shoot dry weight ratio: Table 24 shows mean variation of the 
root-shoot dry weight ratio in Cassia sophera. The values obtaied 
at site A, B and C respectively show a remarkable increase (0.20, 
0.21 and 0.22) over the reference site in the pre-flowering stage. 
Further, the ratio also showed a consistent decrease with increasing 
age of the plant (Table 24). 
In Sida rhombifolia, this ratio was comparatively higher 
(1.04) in the population thriving within km from the Power Plant 
Complex. However, beyond this distance comparatively the ratio was 
found to decrease at al l the distances yet, it was always more than 
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that observed at the reference site (Table 25) . The trend observed 
at flowering and post-flowering stage was exactly the same as 
observed during pre-flowering stage except that the highest ratio 
observed was 0.15 and 0.19 respectively at site C. 
Plant height: Table 26 comprises data on plant height of Cassia 
sophera and per cent variation in different stages of plant 
development. The population suffered in all stages of growth up to 
12 km from the source of pollution as compared to site E. At the 
pre-flowering stage, plant height was highly affected at sites C 6 
D, showing significant reductions by 36.00% and 12.33%, respectively. 
However, the reduuction was non-significant (9.67% a 10.93%) at sites 
A and B, respectively. Similarly, the flowering and post-flowering 
stages of this plant showed highly significant reductions at sites C 
and D (57.06% 8 52.22% in flowering stage and 48.00% a 43.00% in post-
flowering stage, respectively) . 
In case of Sida rhombifoUa, plant height suffered up to 
12 km from the pollution source, compared with the reference site, 
in all the three stages. However, the losses at sites B and C were 
statistically significant in the pre-flowering stage. In the flowering 
stage, the loss was prominent throughout (18.38, 44.00, 50.82 6 52.27 
per cent at sites A, B, C 8 D respectively) . In the final stage of 
observation, severity of the loss at sites B,C and D (28.85, 34.42 
S 22.54 per cent respectively) was greater than at the reference site 
(Table 27) . 
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Number of flowers and fruits per plant and their ratio: Table 28 
presents observations on variations in number of flowers and fruit 
setting and their ratio per plant in Cassia sophera. The mean f lower 
number per plant was reduced at all the sites, in comparison on to 
the reference site. Similarly, the mean number of seed pods declined 
in all the sites. The data reveal a marked and statistically 
significant decrease in the number of flowers (20.15% a 18.00%) and 
fruits (33.33% Q 23.00%) per plant in the populations growing at sites 
C and D respectively, the flower fruit ratio being 20.00% and 6.66% 
higher, at these two sites respectively (Table 28). 
Table 29 includes data on the variation of number of flowers 
an capsules per plant of Sida rhombifolia at the different 
experimental sites. The number of flowers per plant decreased very 
significantly at sites C and D with 61.85 Eund 55.00 per cent loss over 
the reference site (E ) . Similarly, the capsules per plant also showed 
a highly significant reduction in both the sites with 72.18 and 62.65 
per cent loss respectively. In addition to these sites, the population 
growing near the pollution source(site B) also showed a significant 
reduction (27.00%) in the capsule setting. The flower/capsule ratio 
Increases by 11.02, 13.55, 37.29 and 20.34 per cent respectively at 
the sites A, B, C and D over the reference site E (Table 29). 
Table 6 : V a r i a t i o n i n t h e n u m b e r o f l e a v e s P l a n t " ^ i n C a s s i a s o p h e r a L . 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stges 
Pre- f lowering Flowering Post-flowering 
h km 
24.80±07.35 
( -42,59**) 
221.60±49.40 
( -15.16^^) 
262.40±39.43 
( -39.43 ) 
2 km 
22.40±06.06 
(-48.15 ) 
201.60±22.15 
( -22.81^^) 
185.60±44.33 
( -57.16 ) 
6 km 
21.60±03.85 
( -50.00 ) 
162.40±22.37 
( -37.82*) 
165.60±23.64 
( -61.77 ) 
12 km 
32.80±07.29 
( -24.07^^) 
193.20±52.06 
( -26.03^^) 
, 314.40±88.49 
( -27.42*) 
16 km 43.20±11.45 261.20±40.83 433.20±73.64 
L.S.D. at 1% 
level 
16.09 120.76 149.81 
L.S.D. at 5% 
level 
11.68 87.68 108.77 
* * 
Significant at 1% level, Significant at 5% level, 
MC 
Nonsignificant 
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T a b l e 7 : V a r i a t i o n i n t h e n u m b e r o f l e a v e s p e r p l a n t i n S i d a r h o m b i f o l i a L . 
( M e a n ± S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Pre-flowering 
Plant Development Stages 
Flowering Post-flowering 
h km 
13.00±4.47 
( 7.14^^) 
106.20±56.51 
( 22.14^^ 
246.40±117.01 
(18.14^®) 
2 km 
08.40±2.30 
(40.00 ) 
106.80±55.67 
(21.70'^^) 
112.60±35.47 
(62.60 ) 
6 km 08.20±1.80 
(41.43*) 
83.26±38.26 
(38.95^^) 
163.80±26.80 
(45.58**) 
12 km 
09.80±2.60 
(30.00^^) 
72.80±41.54 
(46.62'^^) 
171.00±47.53 
(43.20 ) 
16 km 14.00±3.16 136.40±24.11 301.00±94.84 
L.S.D. at 1% 
level 
6.15 91.56 133.25 
L.S.D. at 5% 
level 
4.46 66.48 96.75 
^^ # MC 
Significant at 1% level, Significant at 5% level. Nonsignificant 
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T a b l e 8 : V a r i a t i o n o f s i n g l e l e a f a r e a ( c m ^ ) i n C a s s i a s o p h e r a L . 
( M e a n ± S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from Plant Development Stages 
po llution source 
Pre-flovvering Flowering Post-flowering 
6.29±2.40 16.05±4.65 13.51±2.76 
h km (-5.84^^3 (+14.48^®) (-14.11^^) 
8.02±2.50 12.63±1.66 12.60±2.62 
2 km (+20.06^®) (-9.91^®) (-20.00^®) 
7.03±4.54 13.07±2.00 13.'75±4.93 
6 km (+5.24^^) (-6.78^^) (12.59^^) 
5.20±1.88 15.56±2.75 18.14±5.37 
12 km (-22.15^^) (+11.00^®) (+15.32'^^) 
16 km 6.68±2.85 14.02±5.92 15.73±3.17 
L.S.D. at 1% 
level 
3.47 4.24 4.50 
L.S.D. at 5% 
leve 1 
2.57 3.15 3.34 
* * 
Significant at 1% 
* 
level, Significant at 5% level, ^^ Nonsignificant 
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T a b l e 9 : V a r i a t i o n o f t h e t o t a l l e a f a r e a ( c m ) i n C a s s i a s o p h e r a L , 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
156.16±28.56 3557.84±550.21 3544.80±573.77 
h km (-45.90*) (+2.85^^) (-47.98**) 
179.72±58.40 2547.28±566.87 2337.44±599.22 
2 km (-37.74^®) (-30.45'^®) (-65.70**) 
151.96±29.03 2123.04t420.11 2277.92±542.04 
6 km (-47.35*) (-42.03^^) (-66.57 ) 
170.72±58.82 3005.84±484.36 5705.28±474.62 
12 km (-40.85'^®) (-17.93^®) (-16.26'^®) 
16 km 288.64±87.58 3662.48±574.03 6813.92±569.14 
L.S.D. at 1% 
level 
167.20 2309.27 1959.83 
L.S.D. at 5% 
level 
121.40 1676.60 1422.90 
Significant at 1% 
* 
level, Significant NS at 5% level, Nonsignificant 
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T a b l e 13 : V a r i a t i o n o f leaves dry weight (mg) i n S i d a r h o m b i f o l i a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
.Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
h km 
3.89±2.50 
(-46.64 ) 
9.41+4.81 
(-14.45'"^^) 
6.00±2.32 
(-18.03'^^) 
2 km 
7.22±1.55 
(-01.00^^) 
8.10±4.86 7.63±2.44 
(+04.23^^) 
6 km 
6.26±1.88 
(-14.13'^^) 
7.00±4.69 
(-36.36^^) 
5.39±2.62 
(-26.36^^) 
12 km 
3.64±1.86 
(-50.07 ) 
4.03±2.10 
(-63.36 ) 
10.94±3.55 
HtUt 
(+49.45 ) 
16 km 7.29.3.22 11.00±4.59 07.32±1.58 
L.S.D. at 1% 
level 
2.71 6.85 3.56 
L.S.D. at 5% 
level 
2.01 4.97 2.58 
**Sigi^ificant at 1% 
jft 
level, Significant at 5% level, Nonsignificant 
T a b l e 1 1 : V a r i a t i o n i n t h e t o t a l l e a f a r e a ( c m ) p e r p l a n t i n 
S i d a r h o t n b i f o l i a L . ( M e a n ± S . D . p e r c e n t v a r i a t i o n 
g i v e n i n p a r e n t h e s e s . 
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Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
h km 
60.62±08.80 
(-40.64^^) 
999.12±95.87 
(-33.27^®) 
1871.841269.91 
(-15.00^^) 
2 km 
6 km 
50.60±05.86 
(-50.45*) 
35.74±05.30 
(-65.00 ) 
863.60±75.08 
(-42.32^^) 
493.34±47.99 
(-67.05 ) 
859.32±126.91 
(-61.00*) 
681.52±078.89 
(-69.05) 
12 km 
51.30±07.00 
(-49.76 ) 
581.10±52.16 
(-61.20 ) 
1438.47±223.41 
(-34.67^^) 
16 km 102.12±12.88 1497.20±165.81 2202.00±310.15 
L.S.D. at 1% 
level 
59.40 914 .65 1671.95 
L.S.D. at 5% 
level 
43.12 664 .06 1213.88 
Significant at 1% 
« 
level, Significant at 5% level, Nonsignificant 
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T a b l e 1 2 : V a r i a t i o n o f l e a v e s d r y w e i g h t ( m g i n C a s s i a s o p h e r a L , 
( M e a n i S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
0.48±0.08 2.80±0.36 4.38±0.95 
h km (-52.70**) (-65.85**) (-61.24 ) 
0.43±0.08 2.30±0.40 5.20±0.94 
2 km (-58.08**) (-71.95 ) 
* * 
(-53.98 ) 
0.33±0.06 3.80± 0.64 5.60±1.48 
6 km (-68.08 ) 
* * 
(-53.66 ) 
* * 
(-50.44 ) 
0.49±0.06 6.92±1.24 8.80±1.74 
12 km (-52.43 ) (-15.61*) 
* * 
(-22.12 ) 
16 km 1.02±0.03 8.20±1.13 11.30±1.13 
L.S.D. at 1% 
level 
0.33 1.30 1.95 
L.S.D. at 5% 
level 
0.24 • 0.94 1.41 
Significant at 1% iBvel, *Significant at 5% level 
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T a b l e 1 3 : V a r i a t i o n o f l e a v e s d r y w e i g h t ( m g ) i n S i d a r h o m b i f o l i a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flovvering Flowering Post-flowering 
h km 
0.123±0.043 
(-35.60 ) 
1.12±0,27 
(-17.65.65^^) 
1.56±0.38 
(-18.00^^) 
2 km 
0.121±0.038 
(-36.64 ) 
1.26±0.24 
(-7.35^^) 
1.10±0.10 
(-42.10 ) 
6 km 
0.120±0.034 
« « 
(-37.17 ) 
0.84±0.21 
(-38.23 ) 
1.00±0.13 
(-47.37 ) 
12 km 
0.121±0.023 
« « 
(-36.64 ) 
1.30±0.31 
(-4.41^^) 
1.36±0.15 
(-28.42 ) 
16 km 0.191±0.025 1.36±0.26 1.9010.59 
L.S.D. at 1% 0.059 0.47 0.64 
level 
L.S.D. at 5% 0.043 0.34 0.46 
level 
Significant at 1% level; "^Significant at 5% level; '^^Nonsignificant 
T a b l e 1 4 : V a r i a t i o n o f s h o o t l e n g t h ( c m ) i n C a s s i a s o p h e r a L . 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
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Distance from Plant Development Stages 
•pollution source 
Pre-flowering Flowering Post-flowering 
17.10±3.76 108.80±45.07 130.60±35.17 
's km (-15.35^®) (-20.58^^) 
« « 
(-25.54 ) 
18.52±3.37 090.60±23.14 115.60±9.68 
2 km (-8.32'^^) (-33.87'^^) 
* * 
(-34.09 ) 
09.06±1.16 052.00±12.31 066.20±17.53 
6 km (-55.15 ) (-62.04 ) (-62.26 ) 
15.10±3.05 054.60±20.50 084.80±16.27 
12 km (-25.25*) (-60.15 ) (-51.65) 
16 km 20.20±4.76 137.00±48.07 175.40±23.92 
L.S.D. at 1% 
level 
5.20 64.67 41.28 
L.S.D. at 5% 
level 
3.77 46.95 28.97 
Significant at 1% level; ""significant at 5% level; Nonsignificant 
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T a b l e 1 5 : V a r i a t i o n o f s h o o t l e n g t h ( c m ) i n S i d a r h o t n b i f o l i s L . 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
H km 
13.16±1.18 
(-18.56^®) 
59.60±12.03 
(-30.54 ) 
63.80±3.56 
(-23.13 ) 
2 km 
10.44±1.08 
(-35.40 ) 
43.80±15.52 
(-49.00 ) 
61.80±14.08 
(-25.54 ) 
6 km 
08.50±1.77 
(-47.40 ) 
31.80±5.97 
(-63.00 ) 
48.80±12.07 
(-41.20 ) 
12 km 
12.66±4.60 
(-21.66^®) 
34.60±5.77 
(-60.00 ) 
57.60±16.94 
ft* 
(-30.60 ) 
16 km 16.16±3.87 85.80±10,85 83.00±7.52 
L.S.D. at n 
level 
4.90 20.14 22.70 
L.S.D. at 5% 
level 
3.55 14.63 16.48 
** * NS Significant at level; Significant at 5% level; Nonsignificant 
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T a b l e 1 6 : V a r i a t i o n o f r o o t l e n g t h ( c m ) C a s s i a s o p h e r a L . 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-f lowering Flowering Post-flowering 
h km 10.00±3.25 
(+02.04^^) 
15.20±3.11 
(-23.85^^) 
21.20±3.83 
(-0.93^^ ) 
2 km 8.20±1.15 
(-16.33^®) 
17.90±1.75 
(-10.32^^3 
18.90±4.25 
(-11.68^^) 
6 km 
12 km 
10.14±2.08 
(+03.4?'^®) 
11.20±2.68 
(+14.29^^) 
15.40+3.85 
(-22.85^^) 
20.40±5.77 
(+02.20^^) 
29.40±5.94 
(+37.38*) 
19.40±3.78 
(-9.35^®) 
16 km 9.80±1.09 19.96±6.04 21.40±2.30 
I.S.D.at 1% level 3.54 8.08 8.03 
L.S.D.at 5% level 2.57 5.87 5.83 
Significant at 1% level. 
* 
Significant at 5% level; N^ l Nonsignificant. 
T a b l e 1 7 : V a r i a t i o n o f r o o t l e n g t h ( c m ) i n S i d a r h o m b i f o U a L . 
( M e a n ± S . D . ) , p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s i s , 
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Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
H km 
2 km 
8.04±1.05 
(-8.84^2) 
4.36±0.97 
(-50.57 ) 
19.40±2.41 
(+79.36 ) 
10.50±2.12 
(-4.55'^^) 
20.60±02.65 
(+71.67*) 
11.60±02.70 
(-3.33^^) 
6 km 
5.84±1.36 
(-33.78 ) 
15.80+3.96 
(+43.64 ) 
13.60±04.16 
(+13.33^^) 
12 km 
10.50±2.69 
(+19.05^®) 
11.60±2.88 
(+05 .45^^®) 
16.10±01.82 
(+34.17^®) 
16 km 8.82±2.65 11.00±4.64 12.00±03.54 
L.S.D.at 1% level 3.56 6.16 11.63 
L.S.D.at 5% level 2.58 4.47 8.44 
Significant at 1% level; Significant at 5% level; NS Nonsignificant. 
60 
T a b l e 1 8 : M e a n v a r i a t i o n o f r o o t l e n g t h 
s o p h e r a L . 
s h o o t l e n g t h r a t i o i n C a s s i a 
Distance from 
po llution source 
Plant Development Stages 
Pre-flowering Flowering Post - f lDwering 
Jj km 0.58 0.14 0.16 
2 km 0.44 0.20 0.16 
6 km 1.12 0.37 0.44 
12 km 0.74 0.30 0.23 
16 km 0.48 0.15 0.12 
Table 19: Mean variation of root length 
rhombifolia L. 
shoot length ratio in Slda 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
k km 
2 km 
6 km 
12 km 
16 km 
0.61 
0.42 
0.83 
0.70 
0.55 
0.33 
0.24 
0.50 
0.34 
0.13 
0.32 
0.20 
0.28 
0.28 
0.14 
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T a b l e 2 0 : V a r i a t i o i n o f s t e m d r y w e i g h t ( g m ) i n C a s s i a s o p h e r a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s i s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-f lowering Flowering Pre-f lowering 
h km 
0.302±0.065 
(-61.99 ) 
6.76±0.88 
(-75.42**) 
30.44±3.16 
(-7.18'^^) 
2 km 
0.301±0.065 
(-62.09**) 
4.60±1.12 
(-83.27 ) 
21.36±2.63 
(-35.31 ) 
6 km 
0.300±0.061 
(-62.24 ) 
9.00±1.25 
(-67.27 ) 
14.22±1.37 
(-57.00 ) 
12 km 
0.450±0.117 
(-43.40 ) 
17.60±1.23 
(-36.00 ) 
27.32±2.63 
sUs^c 
(-17.26 ) 
16 km 0.795±0.203 27.50±1.87 33.02±2.87 
L.S.D at 1% level 0.167 2.64 5.35 
L.S.D. at 5% level 0.122 1.91 3.90 
Significant at 1% level; Significant at 5% level; NS Nonsignificant. 
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T a b l e 13 : V a r i a t i o n o f leaves d r y w e i g h t ( m g ) i n S i d a r h o m b i f o l i a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
55 km 
0.066+0.013 
(-52.80 ) 
2.34±0.71 
(-15.42^^) 
3.80±0.87 
(-32.14 ) 
2 km 
0.042+0.014 
(-69.97 ) 
1.60±0.26 
(-42.85 ) 
3.74±0.78 
(-33.21) 
6 km 
0.046±0.016 
(-67.11 ) 
0.84±0.30 
(-70.00 ) 
3.50±0.52 
(-37.50 ) 
12 km 
0.045±0.013 
(-67.82 ) 
1.22±0.28 
(-56.42 ) 
3.94±0.76 
(-22.64 ) 
16 km 0.140±0.045 2.80±0.37 5.60±0.63 
L.S.D. at 1% level 0.04 0.77 1.45 
L.S.D. at 5% level 0.03 0.56 1.055 
Significant at 1% level; ""significant at 5% level; 
MC 
Nonsignificant. 
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T a b l e 2 2 : V a r i a t i o n o f r o o t d r y w e i g h t ( g m ) i n C a s s i a s o p h e r a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s i s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-f lowering Flowering Post-flowering 
h km 0.171±0.024 
(-2.28'^®) 
1.06±0.195 
(-75.91 ) 
4.40±0.73 
(-12.01^^) 
2 km 
0.140±0.016 
(-20.00* ) 
1.40±0.233 
(-68.18 ) 
3.50±0.47 
(-30.01 ) 
6 km 
0.130±0.024 
(-25.71 ) 
1.10±0.25 
(-75.00 ) 
2.06±0.35 
(-58.81 ) 
12 km 
16 km 
0.130±0.024 
(-25.71* ) 
0.175±0.023 
3.00±0.38 
(-31.82 ) 
4.40±0.63 
4.70±0.87 
( - 6.01^®) 
5.001±0.48 
L.S.D. at 1% level 0.22 0.58 1.19 
L.S.D. at 5% level 0.03 0.42 0.86 
Significant n level; ^Significant at 5% NS level; Nonsignificant. 
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T a b l e 2 3 : V a r i a t i o n o f r o o t d r y w e i g h t ( g m ) i n S i d a r h o m b i f o l i a L . 
( M e a n t S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s i s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
h km 
2 km 
0.196±0.050 
(-21.28 ) 
0.126±0.015 
(-49.39 ) 
0.460±0.063 
( - 8.00^^) 
0.44±0.116 
(-12,00^®) 
1.00±0.15 
(-33.33*) 
0.86±0.25 
>it* 
(-42.66 ) 
0.101±0.005 0.240±0.056 0.70±0.15 
6 km He 
(-59.44 ) 
* * 
(-52.00 ) (-53.33 ) 
0.139±0.016 0.346±0.101 0.80±0.25 
12 km sjcsjc 
(-44.18 ) 0.346±0.101 0.80±0.25 
16 km 0.249±0.035 0.500±0.103 1.50 .±0.15 
L.S.D. at 1% level 0.052 0.23 0.57 
L.S.D. at 5% level 0.038 0.17 0.42 
Significant at 1% 
« 
level; Significant at 5% level; ^^ Nonsignificant. 
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T a b l e 2 4 : M e a n v a r i a t i o n o f r o o t 
s o p h e r a L . 
s h o o t d r y w e i g h t r a t i o i n C a s s i a 
Distance from 
pollution source 
Plant Development Stages 
Pre-f lowering Flowering Pre-flowering 
55 km 0.20 0.11 0.11 
2 km 0.21 0.12 0.13 
6 km 0.22 0.20 0.13 
12 km 0.14 0.09 0.10 
16 km 0.096 0.12 0.11 
Table 25: Mean variation of root 
rhombifoHa L. 
shoot dry weight ratio in Sida 
Distance from 
pollution source 
Plant Development Stages 
Pre-flowering Flowering Post-flowering 
k km 1.04 0.13 0.15 
2 km 0.77 0.14 0.18 
6 km 0.84 0.15 0.19 
12 km 0.76 0.13 0.15 
16 km 0.75 0.12 0.20 
T a b l e 2 6 : V a r i a t i o n o f p l a n t h e i g h t ( c m ) i n C a s s i a s o p h e r a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s i s . 
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Distance from 
po llution source 
Plant Development Stages 
Pre-f lowering Flowering Post-flowering 
km 
27.10±5.40 
( - 9.67^^) 
124.40±20.16 151.80±32.72 
,NS (-20.74 (-17.00 ) 
2 km 
26.72±3.98 
(-10.93^®) 
108.50±24.18 134.50±9.38 
(-13.00'* ) (-26.42'* ) 
19.20±3.36 067.40±14.48 095.60121.05 
6 km * * 
(-36.00 ) 
* * 
(-57.06 ) 
* * 
(-48.00 ) 
26.30±3.53 075.00±20.16 104.20±18.00 
12 km 
(-12.33'* ) 
«« 
(-52.22 ) (-43.00'**) 
16 km 30.00±4.30 156.96±45.40 182.80±43.15 
L.S.D. at 1% level 4.60 62.95 49.14 
L.S.D. at 5% level 3.34 45.70 35.68 
mm 
Significant at 1% level; Significant at 5% level; ^Significant. 
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T a b l e 13 : V a r i a t i o n o f leaves dry w e i g h t ( m g ) i n S i d a r h o m b i f o l i a L . 
( M e a n i S . D . ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
Distance from 
pollution source 
Plant Development Stages 
Pre-f lowering Flowering Post-flowering 
\ km 
24.20±4.37 
( - 3.20^®) 
79.00±12.36 84.00±10.45 
(-18.38 ) (-11.30'^^) 
2 km 
6 km 
14.80±1.98 
(-40.80 ) 
14.34±5.79 
(-42.64 ) 
54.30±13.70 73.40±15.93 
(-44.00 ) 
47.60±6.02 
(-50.82 ) 
(-22.85* ) 
62.40±6.00 
(-34.42 ) 
12 km 
23.16±3.33 
( - 7.36^^) 
46.20±7.36 
Scsjc 
(-52.27 ) 
73.70±11.00 
(-22.54" ) 
16 km 25.00±3.00 96.80±18.80 95.15±15.43 
L.S.D. at 1% level 6.71 23, .48 23.49 
L.S.D. at 5% level 4.81 17, .05 17.05 
* * 
Significant at 1% level; "^Significant at 5% level; NS Nonsignificant. 
68 
Table 28: Variation of number of flowers and seed pods per plant and 
flower / pods ratio in Cassia sophera L. (Mean±S.D.) per cent 
variation given in parenthesis. 
Distance from No. of flowers 
plant"^ 
No. of pod 
plant 
Flower/Pod ratio 
h km 
30.00±6.71 
( - 8.00^^) 
24.00±6.77 
1.25 
2 km 
29.00±4.85 
(-11.00^®) 
24.20±6.00 
(-10.37'^^) 
1.20 
6 km 
26.00±2.55 
(-20.15 ) 
18.00±2.67 
(-33.33 ) 
1.44 
12 km 
16 km 
26.80±3.85 
(-18.00* ) 
32.56±7.11 
20.80±5.60 
(-23.00* ) 
27.00±5.23 
1.28 
1.20 
t-value at 1% level 6.22 8.20 
t-value at 5% level 4.62 6.09 
as* 
Significant at 1% level; ^Significant at 5% NS level; Nonsignificant. 
T a b l e 2 9 : V a r i a t i o n o f n u m b e r o f f l o w e r s a n d c a p s u l e p e r p l a n t a n d f l o w e r 
c a p s u l e r a t i o i n S i d a r h o m b i f o l i a L . ( M e a n ± S . D . ) p e r c e n t 
v a r i a t i o n g i v e n i n p a r e n t h e s i s . 
Distance from No. of flowers 
per plant 
No. of capsule Flowers/capsule 
per plant ratio 
h km 
211.60±45,12 
(-02.04^^^) 
161.00±32.93 
(-11.83^^) 
1.31 
2 km 
177.40±48.18 
(-17.87^®) 
132.40±23.82 
(-27.50 ) 
1.34 
6 km 
082.40±24.47 
(-61.85 ) 
050.80±12.00 
(-72.18 ) 
1.62 
12 km 
097.40±26.68 
(-55.00 ) 
68.20±12.34 
(-62.65 ) 
1.42 
16 km 216.00±42.80 182.60±35.36 1.18 
t-value at 1% level 71.10 31.40 
t-value at 5% level 52.80 23.30 
** * NS 
Significant at 1% level; Significant at 5% level; Nonsignificant, 
PLA TE-2 
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PIGMENT AND MINERAL CONCENTRATION 
Concentration of Chlorophyll a : Figures 9 and 10 depict the 
quantitative estimation of leaf chlorophyll a in the populations of 
Cassia sophera and Sida rhombifolla in different development stages and 
at varying distances from the pollution source. Figure 9 shows a 
progressive decrease in loss of the total chlorophyll a, up to 6 km 
distance ( i . e . at sites A, B a C) in al l the three selected stages of 
C. sophera. However, site C shows a remarkable loss, as compared 
with the reference site E. (48.03%, 35.40% and 38.35% loss in the pre-
flowering and post-flowering stages respectively) . 
In Sida rhombifolia, the loss of chlorophyll a is the 
maximum in the pre-flowering stage at all the experimental sites and 
this increases with increasing distance from the pollution source, as 
compared to the reference site. The per cent loss has been calculated 
to be 48.40%, 63.10%, 49.56% and 66.25% at sites A, B, C and D 
respectively (FIG. 10). However, for the flowering and post-flowering 
stages, the trend is entirely different. In both stages, the loss is 
little and shows no marked variation with distance from the pollution 
source. The maximum loss in the flowering stage is 16.93% at site D, 
and that in the post-flowering stage,is 6.22% at site B (FIG. 10). 
Concentration of Chlorophyll b : The concentration of chlorophyll b 
in C. sophera is markedly reduced at sites B and C in the three stages 
of plant growth as compared with the test site (FIG. 11). The losses 
at sites B 6 C are 41.41% and 45.00% in the pre-flowering stage, 33.37% 
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a n d 4 1 . 2 2 % i n t h e f l o w e r i n g s t a g e a n d 3 9 . 3 1 % a n d 3 8 . 5 1 % i n t h e 
p o s t - f l D w e r i n g s t a g e . 
Chlorophyll b impairment due to pollution is also apparent 
in Sida rhombifoLLa (FIG. 12). The highest per cent loss was recorded 
in the pre-flowering stage, being 47.17%, 63.40%, 53.20% and 66.00% at 
the experimental sites A, B, C and D, respectively. In the flowering 
stage, the highest loss recorded at site D was 28.30%. However, in 
the post-flowering stage, chlorophyll b concentration shows no 
remarkable loss or gain compared with the reference site (FIG. 12). 
Concentration of Carotenoids : The data on carotenoid impairment due 
to coal smoke pollution in the selected species are presented in FIG. 
13 and 14. Compared with the reference site, the concentration of 
carotenoid in the different development stages of C. sophera decreased 
at all the experimental sites. The highest loss was observed at the 
6 km mark (site C) invariably in all the selected growth stages, being 
52.10%, 42.33% and 41.50% in the pre-f lowering, flowering and 
post-flowering stages respectively (FIG. 13). 
FIG. 14 shows similar data on Sida rhombifolia. In the pre-
f lowering stage, carotenoid concentration decreased by 20.00, 38.00, 
48.64 and 46.00 per cent at sites A, B, C and D in comparison to the 
reference site E. In the flowering stage, the amount of carotenoid was 
slightly increased at site A, albeit the rest of the sites showed a 
slight decrease. In the post-flowering stage the carotenoid 
concentration decreased slightly at all the experimental sites except 
site D, wherein it had a slight increases, compared with the reference 
site. 
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CONCENTRATION OF ELEMENTS IN DRY LEAVES : 
FIGS. 15-24 show quantitative estimation of Copper, Iron, Pb 
(Lead), Sulphur and Zink in the dry leaves of plants studied at varying 
distances from the coal fired Thermal Power Plant, and in different 
stages of plant development. 
Copper (Cu) : Pre-flowering stage of C. sophera shows reduction up 
to 6 km from the pollution source, the maximum per cent deficiency 
(22.10%) being in the vicinity of the Power Plant, followed by 16.28% 
at site B and 21.00% at site C. However, in the population at site D 
copper concentration was slightly increased. The flowering stage was 
marked with copper deficiency in all the sites and showed a 
progressive decrease up to 6 km, with 10.23, 13.64 and 15.91 per cent 
loss at sites A, B, and C, respectively. As in the pre-f lowering 
stage, the post-flowering stage showed coppef deficiency up to 6 km 
from the pollution source, the maximum (19.78%) being at site B. At 
site D, however, the copper concentration increased slightly (by 
10.00%) over the reference site. 
FIG. 16 shows data on copper concentration in the dry leaves 
of Sida rhombifoUa. In the pre-f lowering stage, the copper 
concentration decreased at sites A and C by 5.00 and 10.00 per cent 
whereas at sites B and D it increased by 20.00 and 7.50 per cent, 
respectively. In the flowering stage, a loss was recorded only at site 
A (near the pollution source), the other showing a gain of 11.25%, 6.25% 
and 10.00%, respectively. In the post-flowering stage, the concentration 
73 
showed a linear increase with increasingg distance from the pollution 
source up to 6 km. The population growing at site D also showed a 
6.66 per cent gain in comparison to the reference site. 
Iron (Fe) : The concentrations of iron estimated in the dry leaves 
of Cassia sophera and Sida rhombifolia are given in FIGS. 17 and 18. 
In Cassia sophera (FIG. 17), the pre-flowering stage shows 
a remarkable iron deficiency up to 6 km from the pollution source. 
On the contrary, at site D (12 km from the pollution source) there was 
an excess accumulation of iron (by 32.29%) in comparison to the 
population at site E. In the next two stages of growth the population 
showed iron deficiency, the degree of loss ranging between 10.28 and 
38.71 per cent in the flowering stage, and between 28.55-52.41 per cent 
in the post-flowering stage. The effect was more severe 'at site Cin 
both stages i . e . , 38.71% in the flowering stage and 52.41% in the post-
flowering stage (FIG. 17). 
The concentration and per cent variation of iron in the dry 
leaves of S. rhombifolia are shown in FIG. 18. In the pre-flowering 
stage of this plant, iron concentration declined progressively up to site 
C. Even at site D, the deificiency was apparent, compared with the 
reference site. The iron deficiency contained up to 6 km (site C) in 
the flowering stage (by 26.93, 61.92 and 55.50 per cent). However, 
the concentration was slightly increased in the plants growing at side 
D (12 km away from the source). In the post-flowering stage, degree 
of the loss was comparatively less. Here also, site C showed the 
maximum loss (FIG. 18). 
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Lead (Pb) : The concentration of lead in the dry leaves of Cassia 
sophera was deficient in all the growth stages and at all the selected 
sites compared to the reference site (FIG. 19). The pre-f lowering 
stage was more affected than the other two stages. Likewise, all 
stages had the maximum decline of Pb at site B, (41.73%) in 
pre-flowering, 31.09% in flowering and 28.24% in post-flowering stage). 
Contrary to C. sophera, accumulation of lead in the leaves of S. 
rhombifoUa, in comparison to the reference population (FIG. 20) was 
greater in the pre-f lowering and flowering stages (with an exception 
of site C for the flowering stage, wherein, concentration sKghtly 
declined). The post-flowering stage, on the other hand, showed a 
marked deficiency at al l the experimental sites except at site B where 
lead concentration was slightly higher than at the reference site. 
Sulphur (S) : Figure 21, shows sulphur concentration in percentage 
and its per cent variation in the leaves of Cassia sophera growing at 
different experimental sites in three stages of plant development. This 
species clearly shows that sulphur has accumulated in the leaves at 
all the experimental sites during all the development stages. In the 
pre-f lowering stage, accumulation percentage was higher (18.13% 5 
24.50%), in the plants growing in the vicinity of the Power Plant and 
2 km away from it , respectively. Similarly in the flowering stage, 
accumulation was higher (78.75% and 103.94%) at sites A 6 B 
respectively. The leves of the post-flowering stage show a remarkable 
Increase of sulphur in all the experimental sites, compared with the 
reference site, which is almost constant and ranges between 32.34% to 
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3 9 . 7 6 % , m i n i m u m b e i n g a t s i t e A a n d m a x i m u m a t s i t e C i n c o m p a r i s i o n 
t o t h e r e f e r e n c e s i t e E . 
In Sida rhomblfolia (FIG. 22), sulphur accumulated in the 
leaves remarkably at all the development stages with few exceptions, 
where they show sulphur deficiency at site A in the pre-flowering and 
flowering stages. At sites B, C, 6 D (FIG. 22.) sulphur accumulated 
in the leaves in higher concentration in contrast to the reference site. 
Similarly in the flowering stage, sulphur accumulated in the plants 
growing at Sites B, C 8 D but the percentage of accumulation was lesser 
than in the pre-f lowering stage. The trend of sulphur accumulation in 
the post-flowering was more or less the same as was observed for the 
pre-f lowering and flowering stages. However, there was a gain even 
at site A. An interesting observation is that the, sulphur accumulated 
in the leaves of both the species remarkably at al l the experimental 
sites in comparison to the reference. site. 
Zink (Zn) : The data on zink concentration in the dry leaves of Cassia 
sop her a and Sida rhombifoUa, with reference to pre-flowering flowering 
and post-flowering stages in varying distance from pollution source have 
been depicted in FIGS. 23 S 24. 
The bar diagram (FIG. 23) shows that in the pre-flowering 
stage of C. sophera, the concentration of Zn was higher at sites A 8 
D, while sites B 6 C showa^nd a remarkable deficiency (14.94% and 
14.54% respectively) in comparison to the reference site. Although the 
flowering stage showed zink deficiency at al l the experimental sites. 
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no regular trend of loss could be recognised; the maximum deficiency 
was noted at sites A Q C, i . e . 16.32% and 15.07% respectively. In the 
post-flowering stage, there was no trend in the loss or gain in Zn 
concentration. However, interestingly, at site C Zn concentration 
abruptly increased (31.80%) while other site showed Zn deficiency. 
Likewise, in Sida rhombifoUa, there was no trend of loss or 
gain in Zn concentration (FIG. 24). The pre-f lowering and flowering 
stages of this plant showed a gain at sites A a B in comparison to the 
reference site. This was 18.00% and 19.06% in the pre-f lowering stage, 
whereas 2.74% and 8.00% in the flowering stage. Beyond these sites, 
zink deficiency was observed in both the stages. However, in the post-
flowering stage, the concentration showed a linear decrease with 
increasing distance from the pollution source up to 12 km, compared 
with the reference site. 
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EPIDERMAL RESPONSES: 
The data collected on epidermal traits at three 
developmental stages of the selected species in relation to varying 
distances from pollution source are summarised in Tables 30-39. Given 
below are the detailed observations on each character separately. It is 
clear from the data that in the leaves collected from plants growing 
at varying distances from pollution source the stomatal size decreases 
markedly both on the adaxial and abaxial surfaces of the leaf. 
Length of Stomata : The responses of stomatal length to the pollution 
load with reference to plant development stages were different (Table 
30); at 6 km distance from the pollution source, there was a 
substantial and significant decrease in stomatal length in the upper and 
lower epidermis of C. sophera both at the pre-flowering and flowering 
stages ( i . e . 14.50 jam and 18.56 jum in the upper epidermis and 13.75 
and 17.83 ;am in lower epidermis, the corresponding values at the 
reference site being 19.37 ;am and 22.92 ;jm, and 19.16 yum and 24.06 
/jm respectively) . Although there was a general decline in length of 
stomata in the upper and lower epidermises at all the experimental 
c. 
sites and at the pre-f lowering and flowering stages (with an e^eption 
of experimental site D the stomatal length increased only in the upper 
epidermis at flowering stage), none of the increase or decrease was 
statistically significant. Similarly, at the post flowering stage, the 
loss in the length of stomata was again insignificant both in the upper 
and lower epidermis. The per cent variation in length of stomata was 
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the maximum at site C (25.14%, 19.02%, 3.84% in the upper epidermis 
and 28.23%, 26.00% and 23.05% in the lower epidermis at pre-flowering, 
flowering and post-flowering stages respectively) . Except at the post-
flowering stage, the per cent variations in other stages were 
statistically significant. 
There was not much of a difference observed for the leaf 
of S. rhombifolia regarding the stomatal length in response to varying 
pollution toad (Table 31). The average mean length of the stomata was 
15.75 ;am, 18.95 >im, 14.56 ^m in the upper epidermis and 15.96 Ainii 
17.97 ;am, 14.80 pm in the lower epidermis at the pre-flowering, 
flowering and post-flowering stages. On the other hand, the per cent 
variation recorded for the upper epidermis was minus 18.10, 18.50, 
32.00, whereas in the tower epidermis it was minus 28.00, 15.55, 
32.63 at the pre-f towering, flowering and post-flowering stages, 
respectively. Interestingly, al l these data both for the upper and 
tower epidermes were found to be highly significant, indicating thereby 
a very strong behavioural response of the leaves. Further, as against 
C. sophera there was a comparatively higher per cent variation on the 
negative side observed in S. rhombifoUa. 
Width of Stomata : Another parameter chosen to see the effect of 
pollution toad at varying distances from the pollution source was the 
width of stomata, because the apparent factors which are responsible 
for the reduction in length of the stomata have a definite bearing on 
their width also. The data recorded for C. sophera have been 
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depicted in Table 32. The average mean width of stomata in the 
leaves of upper epidermis at the pre-flowering stage was 13.12 at 
a distance of 16 km (site E) . There was a definite loss in width at 
all the distances between h km and 12 km from pollution source. This 
loss was significant at all the distances except at a distance of 12 km. 
However, the maximum loss was observed at 6 km distance. Similar 
observations were recorded at the flowering and post-flowering stages 
both in the upper and lower epidermes, the maximum per cent 
variation (-23.78) occurring at the pre-flowering stage followed by 
21.40 at the flowering and -11.66 at the post-flowering stage. As was 
the case with the length of stomata in the upper epidermis of leaves 
of C. sophera, here too, the loss in width at the post-flowering stage 
was, though comparatively more, yet insignificant. Furthermore, even 
mat 12 km distance the loss in the width of stomata at the post 
flowering stage was nonsignificant. 
On the contrary, the response of the lower epidermis of 
C. sophera to pollution load was quite reverse. As against the 
significant loss of the width of stomata in upper epidermis at the pre-
flowering stage a highly non-significant reduction in the width was 
recorded at - 12 km distance from pollution source. However, the 
maximum loss was to the tune of 24.93% whereas, the per cent 
variation at the pre-flowering stage was -45.00 which again was highly 
significant. The width of stomata at the flowering stages did not 
behave significantly in response to the varying pollution load. 
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T h e t r e n d o f t h e p r e s e n c e o f t h e w i d t h o f s t o m a t a i n t h e 
u p p e r a n d l o w e r e p i d e r m i s e s i n S^. r h o m b i f o l i a w a s a l m o s t s i m i l a r t o 
t h a t i n C . s o p h e r a ( T a b l e 3 3 ) . T h e f a c t t h a t t h e a v e r a g e m e a n w i d t h 
o f s t o m a t a i n t h e u p p e r e p i d e r m i s o f S . r h o m b i f o l i a s h o w e d a n 
a p p r e c i a b l e l o s s b u t a t t h e p r e - f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s 
d e m o n s t r a t e s t h a t t h e s e s t o m a t a h a d a v e r y s t r o n g n e g a t i v e r e s p o n s e 
t o t h e v a r y i n g d e g r e e o f p o l l u t i o n l o a d , w h i l e s u c h a r e s p o n s e w a s 
e n c o u n t e r i n C . s o p h e r a o n l y a t t h e p r e - f l o w e r i n g s t a g e . T h e a v e r a g e 
o f s t o m a t a i n t h e u p p e r e p i d e r m i s a t a d i s t a n c e o f 6 k m f r o m 
p o l l u t i o n s o u r c e w a s r e c o r d e d t o b e 1 1 . 0 0 ; j m , 1 0 . 7 2 ^ m a n d 0 8 . 5 2 ; a m 
a t t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s , w h i l e t h e 
c o r r e s p o n d i n g d a t a f o r t h e l o w e r e p i d e r m i s a t t h e s a m e d i s t a n c e w a s 
1 2 . 0 0 ^ m , I B . 2 4 ; u m a n d 1 1 . 2 5 ; a m r e s p e c t i v e l y . T h e p e r c e n t 
v a r i a t i o n i n t h e w i d t h o f t h e s t o m a t a , w a s s t a t i s t i c a l l y s i g n i f i c a n t 
i n t h e u p p e r e p i d e r m i s o n l y d u r i n g t h e f l o w e r i n g s t a g e . 
Variation in Dimension of Stomatal Pore : T h e d i m e n s i o n s o f t h e 
s t o m a t a l p o r e e v e n t u a l l y d e t e r m i n e t h e e x t e n t o f t h e g a s e o u s 
e x c h a n g e b e t w e e n a t m o s p h e r e a n d a p l a n t b o d y w i t h p a r t i c u l a r 
r e f e r e n c e t o f o o d m a n u f a c t u r e . T h e r e f o r e , i t w a s n e c e s s a r y t o r e c o r d 
o b s e r v a t i o n s o n t h e v a r i a t i o n i n t h e l e n g t h a n d w i d t h o f t h e s t o m a t a l 
p o r e s o a s t o d e t e r m i n e t h e e x t e x t o f t h e n a t u r a l g a s e o u s e x c h a n g e 
a n d o f t h e t o x i c w o f c h e m i c a l o r i g i n . 
T h e d a t a r e l a t e d t o t h e e p i d e r m i s o f C . s o p h e r a a n d S . 
r h o m b i f o l i a ( T a b l e 3 4 ) c l e a r l y s h o w t h a t i n C . s o p h e r a , t h e m a x i m u m 
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r e d u c t i o n ( t o t h e t u n e o f 0 8 . 0 0 u m ) i n t h e s t o m a t a l p o r e o f t h e u p p e r 
e p i d e r m i s a t t h e p r e - f l o w e r i n g s t a g e w a s c a u s e d a t t h e s i t e C a s 
a g a i n s t 1 1 . 2 5 ; j m a t t h e r e f e r e n c e s i t e . O n t h e o t h e r h a n d , a 
n o n - s i g n i f i c a n t p o s i t i v e i n c r e a s e w a s r e c o r d e d a t 1 k m S 1 2 k m 
d i s t a n c e s ' . I n S . r h o m b i f o l i a , a v e r y s i g n i f i c a n t r e d u c t i o n w a s 
o b s e r v e d d u r i n g t h e p r e - f l o w e r i n g s t a g e a t a l l t h e d i s t a n c e 
e x p e r i e n c i n g p o l l u t i o n l o a d , t h e m a x i m u m ( 7 . 5 0 p m ) b e i n g a t s i t e C . 
A t t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s , t h e m a x i m u m r e d u c t i o n i n 
C . s o p h e r a w a s 0 9 . 8 2 ;um a n d 0 9 . 5 7 p m w h e r e a s t h e c o r r e s p o n d i n g d a t a 
i n S . r h o m b i f o l i a w e t ^ 1 2 . 2 5 ; j m a n d 1 0 . 7 8 p m r e s p e c t i v e l y , i n d i c a t i n g 
t h e r e b y a s e v e r e a f f e c t o f p o l l u t i o n l o a d d u r i n g t h e s t a g e s s i t e C , 
t h o u g h t h e s e e f f e c t w a s c o m p a r a t i v e l y l e s s e r t h a n t h a t o b s e r v e d a t 
t h e p r e - f l o w e r i n g s t a g e . T h e s e o b s e r v a t i o n s g e t n i c e l y r e f l e c t e d i n 
t h e p e r c e n t v a r i a t i o n o n t h e n e g a t i v e s i d e w h i c h w a s t o t h e t u n e o f 
2 9 . 0 0 , 1 6 . 7 8 a n d 2 2 . 2 6 i n C . s o p h e r a a n d 3 3 . 5 1 , 1 3 . 0 6 a n d 2 7 . 4 5 i n 
S . r h o m b i f o l i a a t t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g 
s t a g e s , r e s p e c t i v e l y . 
S i m i l a r l y , t h e o b s e r v a t i o n s o n t h e l e n g t h o f s t o m a t a l p o r e 
i n t h e l o w e r e p i d e r m i s o f C . s o p h e r a a n d S . r h o m b i f o l i a ( T a b l e 3 5 ) 
V t h e l e n g t h o f t h e s t o m a t a l p o r e d e c r e a s e d f r o m 1 2 . 0 5 ; j m 
t o 7 . 5 6 ; i m a t a d i s t a n c e o f 6 k m a t t h e p r e - f l o w e r i n g 
s t a g e o f S . r h o m b i f o l i a , w i t h a n e g a t i v e a n d s t a t i s t i c a l l y s i g n i f i c a n t 
p e r c e n t v a r i a t i o n o f 3 7 . 2 6 , w h e r e a s t h i s v a r i a t i o n w a s -38.30'h i n 
C . s o p h e r a . I n t e r e s t i n g l y , d u r i n g t h e p r e - f l o w e r i n g s t a g e , o f C . 
s o p h e r a t h e p e r c e n t v a r i a t i o n w a s t o w a r d s t h e p o s i t i v e s i d e e x c e p t 
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a t s i t e C , w h e r e a s t h e c o r r e s p o n d i n g d a t a f o r S^. r h o m b i f o l i a 
e x h i b i t e d a n e g a t i v e t r e n d . F u r t h e r , a t t h e f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s t h e v a r i a t i o n i n t h e l e n g t h o f s t o m a t a l p o r e i n 
b o t h t h e s p e c i e s s h o w e d a s y s t a m a t i c a n d s h a r p d e c r e a s e a s c o m p a r e d 
ae&o 
t o t h e p r e - f l o w e r i n g s t a g e . T h e p e r c e n t v a r i a t i o n y d e c r e a s e d , 
s y s t a m a t i c a l l y a n d s i g n i f i c a n t l y , t o - 2 3 . 7 8 a n d - 1 7 . 2 4 i n S . 
r h o m b i f o l i a i n c o m p a r i s o n t o t h e p r e - f l o w e r i n g s t a g e . T h e 
c o r r e s p o n d i n g d a t a f o r C . s o p h e r a w e r e s i g n i f i c a n t l y ( - 3 1 . 7 ) a n d n o n -
s i g n i f i c a n t ( - 1 4 . 0 4 ) r e s p e c t i v e l y . 
T h e p o l l u t a n t ! s h o w e d a n a d v e r s e e f f e c t o n t h e w i d t h o f 
t h e s t o m a t a l p o r e a s w e l l . T h e d a t a r e c o r d e d f o r t h e u p p e r 
e p i d e r m i s ( T a b l e 3 6 ) > r e v e a l t h a t t h e p o l l u t a n t s h a v e a m o r e o r 
l e s s s i m i l a r b e a r i n g o n t h e w i d t h o f s t o m a t a l p o r e a t a l l t h e 
d e v e l o p m e n t a l s t a g e s o f t h e t w o s p e c i e s . A s e x p e c t e d , a m a x i m u m 
d e c r e a s e i n t h e w i d t h ( 1 . 4 9 u m , 2 . 1 6 u m Q 1 . 9 3 u m ) w a s o b s e r v e d 
i n t h e p l a n t s o f C . s o p h e r a g r o w i n g a t s i t e C i n a l l t h e t h r e e 
g r o w t h ^ - - ^ T h e c o r r e s p o n d i n g o b s e r v a t i o n s f o r t h e r e f e r e n c e p o p u l a t i o n 
w e r e 3 . 6 0 ^ m , 3 . 9 5 ^ m a n d 2 . 9 5 ; j m , r e s p e c t i v e l y . S i m i l a r l y , w i d t h 
o f t h e s t o m a t a l p o r e i n t h e u p p e r e p i d e r m i s o f S . r h o m b i f o l i a w a s 
t h e m a x i m u m a t 6 k m d i s t a n c e , i . e . 1 . 2 6 > i r a , 1 . 5 6 ; i m a n d 1 . 2 ^ m 
d u r i n g t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s 
r e s p e c t i v e l y . F u r t h e r , t h e p e r c e n t v a r i a t i o n w a s s t a t i s t i c a l l y 
s i g n i f i c a n t f o r b o t h t h e s p e c i e s a t e a c h d e v e l o p m e n t a l s t a g e s e x c e p t 
a t t h e f l o w e r i n g s t a g e o f S . r h o m b i f o l i a . O n t h e w h o l e , t h e m a x i m u m 
p e r c e n t v a r i a t i o n i n w i d t h o f t h e s t o m a t a l p o r e f o r b o t h t h e s p e c i e s 
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w a s r e c o r d e d d u r i n g t h e p r e - f l o w e r l n g s t a g e i . e . - 5 8 . 6 0 a n d - 5 8 . 8 2 
f o r C . s o p h e r a a n d S . r h o m b i f o l i a , r e s p e c t i v e l y . 
T h e o b s e r v a t i o n s o n w i d t h o f t h e s t o m a t a l p o r e i n t h e 
tower e p i d e r m i s o f t h e t w o s p e c i e s a r e d e p i c t e d i n T a b l e 3 7 . I n 
c o n t r a s t t o t h e w i d t h o f s t o m a t a l p o r e i n u p p e r e p i d e r m i s t h e 
o b s e r v a t i o n s r e c o r d e d f o r t h e l o w e r e p i d e r m i s w e r e n o n - s i g n i f i c a n t 
a t s i t e C d u r i n g t h e p r e - f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s i n C . 
s o p h e r a a n d S . r h o m b i f o l i a r e s p e c t i v e l y , w h e r e a s t h e s a m e w a s m o s t 
s i g n i f i c a n t a t t h i s s i t e d u r i n g t h e p o s t - f l o w e r i n g s t a g e i n b o t h t h e 
s p e c i e s . H o w e v e r , i n C . s o p h e r a d u r i n g t h e p r e - f l o w e r i n g a n d 
f l o w e r i n g s t a g e s t h e o b b s e r v a t i o n s r e c o r d e d a t h , 2 a n d 1 2 k m 
d i s t a n c e s - w e ^ o n t h e p o s i t i v e s i d e i n d i c a t i n g t h e r e b y a n i n c r e a s e i n 
t h e w i d t h o f t h e s t o m a t a l p o r e o v e r t h e r e f e r e n c e m a t e r i a l . T h e p e r 
c e n t v a r i a t i o n a t 6 k m d i s t a n c e w a s - 3 . 8 4 , - 5 . 3 5 a n d 2 6 . 5 6 d u r i n g t h e 
p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s . T h e c o r r e s p o n d i n g 
p e r c e n t v a r i a t i o n r e c o r d e d f o r S . r h o m b i f o l i a a t t h e s e s t a g e s w a s 
- 1 5 . 1 4 , - 2 5 . 5 2 a n d - 4 5 . 6 3 r e s p e c t i v e l y . T h e s e d a t a a r e s e l f 
e x p l a n a t o r y i n t h e s e n c e t h a t t h e p e r c e n t v a r i a t i o n a t t h e 
p o s t - f l o w e r i n g s t a g e s w a s t h e h i g h e s t f o r b o t h t h e s p e c i e s , c o m p a r e d 
t o t h e p r e - f l o w e r i n g a n d f l o w e r i n g s t a g e s . 
Stomatal Index (SI) : T h e d a t a c o l l e c t e d o n s t o m a t a l i n d i c e s w i t h 
r e f e r e n c e t o v a r y i n g d i s t a n c e s f r o m t h e p o l l u t i o n s o u r c e a n d t h e 
d e v e l o p m e n t a l s t a g e s ( T a b l e s 3 8 a n d 3 9 ) b r i n g o u t t h a t i n t h e l e a v e s 
c o l l e c t e d f r o m t h e p l a n t s g r o w i n g a t v a r i o u s d i s t a n c e s , g e n e r a l l y , t h e 
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s t o m a t a l i n d i c e s d e c r e a s e d , t h e p e r c e n t v a r i a t i o n b e i n g m o s t l y o n 
t h e n e g a t i v e s i d e , c o m p a r e d t o t h e r e f e r e n c e s i t e . 
I t i s c l e a r t h a t d u r i n g t h e p r e - f l o w e r i n g s t a g e , C . 
a o p h e r a , t h e s t o m a t a l i n d i c e s i n t h e u p p e r e p i d e r m i s r e d u c e d t o t h e 
m a x i m u m a t a d i s t a n c e o f 6 k m f r o m p o l l u t i o n s o u r c e ( s i t e C ) , t h e 
p e r c e n t v a r i a t i o n b e i n g a b o u t - 3 4 . 0 0 % . O n t h e c o n t r a r y , t h e 
r e s p o n s e o f t h e l o w e r e p i d e r m i s t o t h e p o l l u t i o n l o a d w a s q u i t e 
s e v e r e a n d t h e p e r c e n t v a r i a t i o n , w h i c h i s o n t h e n e g a t i v e s i d e , w a s 
h i g h l y s i g n i f i c a n t ( T a b l e 3 8 ) . 
F u r t h e r , d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s 
t h e p a t t e r n o f r e s p o n s e o f l e a f e p i d e r m i s t o p o l l u t i o n l o a d a t t h e 
v a r i o u s d i s t a n c e s w a s m o r e o r l e s s t h e s a m e b u t w i t h a d i f f e r e n c e 
o f t h e d e g r e e o f s e v e r i t y . T h e p e r c e n t v a r i a t i o n a t t h e f l o w e r i n g 
s t a g e a s - 1 6 . 6 0 , i n c o m p a r i s o n t o 3 3 . 9 4 a t t h e p r e - f l o w e r i n g , w h e r e a s 
i n t h e l o w e r e p i d e r m i s i t w a s - 1 8 . 6 4 a n d 4 6 . 3 3 r e s p e c t i v e l y . I t i s 
n o t e w o r t h y t h a t v ; h e n o n t h e o n e h a n d t h e p e r c e n t v a r i a t i o n s h o w s 
a r e d u c t i o n f r o m t h e p r e - f l o w e r i n g t o f l o w e r i n g s t a g e , b o t h i n t h e 
u p p e r a n d l o w e r e p i d e r m i s e s , t h e t r e n d i s r e v e r s e w h e n o b s e r v e d 
f r o m t h e f l o w e r i n g t o p o s t - f l o \ v e r i n g s t a g e , i . e . a l t h o u g h i t i s a l w a y s 
o n t h e n e g a t i v e s i d e , c o m p a r e d t o t h e r e f e r e n c e m a t e r i a l ( T a b l e 3 8 ) . 
T h e r e s p o n s e o f e p i d e r m a l t r a i t s i n S . r h o m b i f o l i a w i t h 
r e f e r e n c e s t o m a t a l i n d e x t o p o l l u t i o n l o a d i s n o t m u c h d i f f e r e n t f r o m 
t h a t i n C . s o p h e r a ( T a b l e 3 9 ) . H o w e v e r , t h e p e r c e n t v a r i a t i o n i n 
t h e s t o m a t a l i n d e x s h o w s a s h a r p d e c l i n e a t t h e f l o w e r i n g a n d p o s t -
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f l o w e r i n g s t a g e s r e s p e c t i v e l y , i n c o m p a r i s o n t o t h e p r e - f l o w e r i n g 
s t a g e . F u r t h e r , t h e d e c l i n e i s s h a r p a n d o f a v e r y h i g h o r d e r . T h e 
v a r i a t i o n i s - 4 2 . 5 0 % , - 1 8 . 7 0 % a n d - 8 . 4 4 % a t t h e p r e - f l o w e r i n g a n d p o s t -
f l o w e r i n g s t a g e s . H o w e v e r , t h i s v a r i a t i o n w h e n c o m p a r e d t o t h e 
v a r i a t i o n r e c o r d e d a t t h e r e f e r e n c e s i t e , i s h i g h l y s i g n i f i c a n t o n l y 
a t t h e p r e - f l o w e r i n g s t a g e . O n t h e o t h e r h a n d , t h e r e s p o n s e o f 
s t o m a t a l i n d i c e s t o p o l l u t i o n l o a d i n t h e l o w e r e p i d e r m i s o f S . 
r h o m b i f o l i a i s v e r y s i g n i f i c a n t , a n d o n t h e n e g a t i v e s i d e , i n d i c a t i n g 
a m a r k e d d i f f e r e n c e i n t h e s t o m a t a l r e s p o n s e t o p o l l u t i o n l o a d b e t w e e n 
t h e u p p e r a n d l o w e r e p i d e r m i s e s . A g a i n , t h e v a r i a t i o n a t t h e p r e -
f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s i s s l o w b u t s t e a d y a n d 
r a n g e s f r o m - 5 3 . 0 0 % t o 4 3 . 4 0 % a n d 3 6 . 4 7 % , r e s p e c t i v e l y , a t s i t e C . 
S i z e a n d F r e q u e n c y o f T r i c h o m e s : T h e l e a v e s o f C . s o p h e r a a r e 
d e v o i d o f t r i c h o m e s . T h e d a t a o n r e s p o n s e o f t r i c h o m e s i z e a n d i t s 
f r e q u e n c y t o t h e p o l l u t i o n l o a d a t v a r i o u s d i s t a n c e f r o m p o l l u t i o n 
s o u r c e d u r i n g t h e t h r e e d e v e l o p m e n t a l s t a g e s o f S . r h o m b i f o l i a h a v e 
b e e n d e p i c t e d i n F i g u r e s 2 5 a n d 2 6 . 
I n t h e u p p e r a n d l o w e r e p i d e r m i s o f S . r h o m b i f o l i a , 
t r i c h o m e l e n g t h w a s r e d u c e d a r o u n d p o l l u t i o n s o u r c e , c o m p a r e d w i t h 
t h e c o n d i t i o n a t t h e r e f e r e n c e s i t e . H o w e v e r , t h e m a x i m u m r e d u c t i o n , 
d u r i n g t h e p r e - f l o w e r i n g a n d f l o w e r i n g s t a g e s , R e n c o u n t e r e d b o t h i n t h e 
u p p e r a n d l o w e r e p i d e r m i s a t a d i s t a n c e o f 1 2 k m f r o m p o l l u t i o n 
s o u r c e . I n t h e p o s t - f l o w e r i n g s t a g e , t h e m a x i m u m r e d u c t i o n w a s 
o b s e r v e d a t 6 k m d i s t a n c e f r o m p o l l u t i o n s o u r c e . T h e v a r i a t i o n i n 
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t r i c h o m e s i z e i n t h e u p p e r e p i d e r m i s d u r i n g t h e p r e - f l o w e r i n g , 
f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s w a s 4 0 . Q 0 % , 4 4 . 4 4 % a n d 2 6 . 0 1 % , 
a l l i n t h e n e g a t i v e s i d e , r e s p e c t i v e l y . I n c a s e o f t h e l o w e r 
e p i d e r m i s , t h e d a t a e x h i b i t m o r e o r l e s s t h e s a m e r e s p o n s e t o 
p o l l u t i o n l o a d . 
I n b o t h t h e u p p e r a n d l o w e r e p i d e r m i s e s , s i z e r e d u c t i o n 
i s g r a d u a l b u t s t e a d y w i t h r e s p e c t t o t h e i n c r e a s i n g d i s t a n c e s f r o m 
p o l l u t i o n s o u r c e , a s a g a i n s t t h e o b s e r v a t i o n s m a d e a t t h e r e f e r e n c e 
s i t e . 
I n c o n t r a s t , t r i c h o m e f r e q u e n c y e x h i b i t s a n i n c r e a s i n g 
t r e n d b o t h i n t h e u p p e r a n d l o w e r e p i d e r m i s e s a t a l l t h e t h r e e 
d e v e l o p m e n t a l s t a g e s a n d w i t h t h e i n c r e a s i n g d i s t a n c e f r o m p o l l u t i o n 
s o u r c e . 
A c u r s a r y g l a n c e o v e r t h e b a r d i a g r a m ( F i g . 2 7 ) s h o w s 
t h a t t h e m a x i m u m v a r i a t i o n i n t r i c h o m e f r e q u e n c y i s t o t h e t u n e o f 
4 1 . 5 0 % a s a g a i n s t 1 2 . 5 0 % o b s e r v e d a r o u n d p o l l u t i o n s o u r c e . O n t h e 
o t h e r h a n d , t h r e e i s a p r o p o r t i o n a t e r e d u c t i o n i n t h e p e r c e n t 
v a r i a t i o n d u r i n g t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g 
s t a g e s , r e s p e c t i v e l y . A c o m p a r i s o n o f t h e u p p e r a n d l o w e r 
e p i d e r m i s e s r e v e a l s t h a t t h e p e r c e n t v a r i a t i o n i n t r i c h o m e f r e q u e n c y 
d o e s n o t v a r y m u c h b u t i n d i c a t e s a u n i f o r m b e h a v i o u r t o p o l l u t i o n 
l o a d . 
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T a b l e 3 0 : V a r i a t i o n i n t h e l e n g t h o f s t o m a t a i n u p p e r a n d l o w e r e p i d e r m i s 
o f C a s s i a s o p h e r a L . ( M e a n ± S . D . i n u r n ) p e r c e n t v a r i a t i o n g i v e n 
i n p a r e n t h e s i s . 
D i s t a n c e f r o m L e a f 
p o l l u t i o n s o u r c e s u r f a c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o v v e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
h km 
U 
1 7 . 5 0 ± 0 1 . 2 5 
( 0 9 . 6 5 ' ^ ° ) 
1 9 . 5 8 ± 0 4 . 7 3 
( + 0 2 . 2 0 ^ ) 
2 1 . 0 0 ± 0 2 . 5 6 
( - 0 8 . 3 8 ^ ® ) 
2 2 . 2 5 ± 0 1 . 0 5 
( - 0 7 . 5 2 ' ^ ® ) 
2 2 . 1 8 ± 0 3 . 0 6 
( + 0 6 . 3 8 ^ ® ) 
2 1 . 8 3 ± 0 2 . 8 5 
( - 0 7 . 3 4 ^ ^ ) 
2 k m 
U 
1 6 . 2 5 ± 0 2 . 7 3 
( - 1 6 . l l ' ^ ^ ) 
1 9 . 7 5 ± 0 1 . 3 7 
( + 0 3 . 0 8 ^ ^ ) 
2 1 . 2 5 ± 0 1 . 2 5 
( - 0 7 . 3 0 * ^ ® ) 
2 0 . 8 3 ± 0 1 . 7 2 
( - 1 3 . 4 2 ^ ^ ) 
2 2 . 2 4 ± 0 2 . 8 6 
( + 0 6 . 6 6 ' ^ ® ) 
2 2 . 0 0 ± 0 3 . 1 4 
Mc; ( - 0 6 . 6 2 ' ^ ^ ) 
6 k m 
U 
1 4 . 5 0 ± 0 0 . 6 8 
( - 2 5 . 1 4 * ) 
1 3 . 7 5 ± 0 1 . 2 5 
( - 2 8 . 2 3 ) 
1 8 . 5 6 ± 0 2 . 3 1 
( - 1 9 . 0 2 ) 
1 7 . 8 3 ± 0 . 2 0 2 
( - 2 6 . 0 0 * ) 
2 0 . 0 5 ± 0 1 . 7 0 
( - 0 3 . 8 4 ^ ^ ) 
1 8 . 1 3 ± 0 3 . 4 0 
( - 2 3 . 0 5 ^ ^ ) 
1 2 k m 
U 
1 8 . 3 1 ± 0 1 . 2 0 
( - 0 5 . 4 7 ' ^ ^ ) 
1 8 . 0 0 ± 0 0 . 6 8 
( - 0 6 . O S ' ' ^ ^ ) 
2 3 . 4 3 ± 0 1 . 8 8 
(+02.22 ) 
2 0 . 0 0 ± 0 1 . 0 8 
( - 1 7 . 0 0 ' ^ ® ) 
2 3 . 0 0 ± 0 3 . 1 4 
( + 1 0 . 3 1 ^ ^ ) 
1 9 . 7 3 ± 0 1 . 8 0 
( - 1 6 . 2 5 ^ ® ) 
1 6 k m 
U 
L 
i g . 3 7 ± 0 1 . 7 2 
1 9 . 1 6 ± 0 2 , 6 0 
2 2 . 9 2 ± 0 3 . 3 4 
2 4 . 0 6 ± 0 0 . 8 3 
2 0 . 8 5 ± 0 2 . 1 6 
2 3 . 5 6 ± 0 2 . 0 3 
L S D a t I'fe l e v e l 
L S D a t 5% l e v e l 
U 
L 
U 
0 6 . 3 3 
0 4 . 4 3 
0 4 . 7 0 
0 3 . 2 0 
0 4 . 0 5 
0 6 . 7 0 
0 3 . 0 3 
0 4 . 8 0 
06.20 
0 6 . 2 0 
0 4 . 6 0 
0 5 . 7 0 
" s i g n i f i c a n t a t 1% l e v e l , ^ S i g n i f i c a n t a t 5"6 l e v e l , ^ ^ N o n s i g n i f i c a n t . 
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T a b l e 3 0 : V a r i a t i o n i n t h e l e n g t h o f s t o m a t a i n u p p e r a n d l o w e r e p i d e r m i s 
o f S i d a r h o m b i f o U a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n 
i n p a r e n t h e s i s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
L e a f 
S u r f a c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o v v e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
1 7 . 0 3 ± 2 . 1 5 1 9 . 5 0 ± 2 . 4 1 1 8 . 5 4 ± 3 . 0 0 
k k m 
U 
( - 1 1 . 4 4 ^ ® ) 
1 9 . 9 1 ± 2 . 4 6 
( - 1 6 . 1 3 * ) 
2 0 . 0 5 ± 2 . 8 3 
( - 1 2 . 2 8 ^ ^ ) 
2 0 . 8 7 ± 2 . 6 5 
L 
( - 1 0 . 0 0 * ) ( - 5 . 7 8 ^ ^ ) ( - 0 5 . 0 0 ^ ^ ) 
U 
1 3 . 1 3 ± 3 . 9 0 1 9 . 2 5 ± 2 . 2 5 1 9 . 0 9 ± 3 . 1 0 
2 k m 
( - 0 5 . 7 2 ^ ^ ) 
2 0 . 1 9 ± 2 . 4 3 
( - 1 7 . 2 0 ) 
2 0 . 7 4 ± 2 . 9 0 
( - 1 0 . 7 1 ^ ® ) 
1 9 . 2 3 ± 3 . 6 5 
L 
( - 0 8 . 6 8 ' ^ ^ ) ( - 0 2 . 5 4 ^ ^ ) ( - 1 2 . 4 7 ^ ^ ) 
1 5 . 7 5 ± 2 . 5 7 1 8 . 9 5 ± 2 . 0 7 1 4 . 5 6 ± 2 . 9 6 
6 k m 
U JICSIC 
( - 1 8 . 1 0 ) 
1 5 . 9 6 ± 2 . 2 4 
* * 
( - 1 8 . 5 0 ) 
1 7 . 9 7 ± 3 . 0 2 
( - 3 2 . 0 0 ' " " " S ) 
1 4 . 8 0 ± 2 . 8 6 
L LIITII 
( - 2 8 . 0 0 ) ( - 1 5 . 5 5 * ) 
LIIIII 
( - 3 2 . 6 3 ) 
1 6 . 6 2 ± 2 . 4 8 1 9 . 2 3 ± 3 . 3 0 1 7 . 2 8 ± 2 . 1 5 
1 2 k m 
U 
( - 1 3 . 5 7 * ) 
1 8 . 4 0 ± 3 . 1 7 
( - 1 7 . 3 0 ) 
1 9 . 4 0 ± 3 . 4 0 
( - 1 9 . 1 8 ) 
1 8 . 5 5 ± 2 . 3 2 
L 
( - 1 6 . 7 8 ) ( - 0 8 . 8 3 ^ ® ) NS ( - 1 5 . 5 7 ' ^ ^ ) 
1 6 k m 
U 
L 
1 9 . 2 3 ± 3 . 3 8 
2 2 . 1 1 ± 2 . 1 1 
2 3 . 2 5 ± 3 . 3 6 
2 1 . 2 8 ± 2 . 9 0 
2 1 . 3 8 ± 3 . 3 6 
2 1 . 9 7 ± 3 . 2 9 
LSL) a t I'U l e v e l 
I . S T a t 5% l e v e l 
U 
L 
U 
L 
2 . 9 7 
2 . 8 6 
2 . 2 6 
2 . 1 8 
3 . 8 3 
3 . 7 0 
2 . 8 4 
2 . 7 0 
4 . 0 7 
5 . 6 0 
3 . 0 2 
4 . 2 0 
S i g n i f i c a n t a t 1 % l e v e l , * S i g n i f i c a n t a t 5% N S l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 3 2 : V a r i a t i o n i n t i n e w i d t h o f s t o m a t a i n u p p e r a n d l o w e r e p i d e r m i s 
o f C a s s i a s o p h e r a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n 
i n p a r e n t h e s i s . 
D i s t a n c e f r o m L e a f P l a n t D e v e l o p m e n t S t a g e s 
p o l l u t i o n s o u r c e S u r f a c e p ^ e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
h km 
2 k m 
6 k m 
1 2 k m 
1 6 k m 
u 
1 1 . 2 5 ± 1 . 2 5 1 5 . 7 0 ± 2 . 0 8 1 3 . 0 0 ± 2 . 7 2 
( - 1 4 . 2 5 ' * ) ( - 1 1 . 8 5 ^ ^ ) ( - 3 . 4 2 ^ ® ) 
1 2 . 9 2 ± 1 . 9 0 1 7 . 5 0 ± 0 . 7 7 1 4 . 8 5 ± 0 . 8 5 
L 
( - 3 . 0 7 ^ 2 ) ( + 6 . 0 6 ^ " ^ ^ ) ( - 1 . 0 0 ^ ^ ) 
U 
1 1 . 0 0 ± 1 . 3 7 1 6 . 8 7 ± 2 . 1 6 1 4 . 1 4 ± 2 . 0 6 
* * 
( - 1 6 . 1 6 ) ( - 5 . 2 8 ^ ^ ) ( + 5 . 0 5 ^ ^ ) 
1 2 . 5 0 ± 2 . 0 3 1 5 . 6 2 ± 0 . 6 3 1 4 . 0 5 ± 1 . 6 0 
L 
( - 6 . 2 2 ^ ® ) ( - 5 . 3 3 ^ ® ) ( - 6 . 3 3 ^ ^ ) 
U 
1 0 . 0 0 ± 1 . 3 0 1 4 . 0 0 ± 2 . 0 5 1 1 . 8 9 ± 1 . 8 9 
( - 2 3 . 7 8 ) ( - 2 1 . 4 0 * ) ( - 1 1 . 6 6 ^ ^ ) 
1 1 . 0 0 ± 1 . 3 7 1 6 . 3 0 ± 1 . 0 3 1 3 . 8 0 ± 2 . 1 3 
L 
( - 1 7 . 4 8 ^ ^ ) ( - 1 . 2 1 ^ ^ ) ( - 9 . 0 0 ^ ® ) 
1 2 . 7 0 ± 1 . 0 0 1 6 . 0 0 ± 1 . 8 0 1 2 . 6 7 ± 2 . 2 5 
U 
( - 3 . 2 0 ' ^ ^ ) ( - 1 0 . ( - 5 . 8 7 ^ ^ ) 
0 7 . 3 4 ± 1 . 0 7 1 4 . 5 6 ± 1 . 0 7 1 1 . 2 6 ± 2 . 0 4 
L * * 
( - 4 5 . 0 0 ) ( - 1 1 . 2 1 ^ ^ ^ ) 
* * 
( - 2 5 . 0 0 ) 
U 1 3 . 1 2 + 0 . 7 2 1 7 . 8 U 3 . 4 0 1 3 . 4 6 ± 1 . 5 5 
L 1 3 . 3 3 ± 0 . 7 2 1 6 . 5 0 ± 0 . 5 5 1 5 . 0 0 ± 3 . 0 6 
L S D a t 1% l e v e l 
L S D a t 5 % l e v e l 
U 
L 
U 
1 . 9 0 
3 . 3 7 
1 . 4 0 
2 . 5 0 
4 . 8 0 
2 . 5 6 
3 . 6 0 
1 . 9 0 
2.20 
1 . 6 9 
1 . 7 0 
1 . 2 5 
" s i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t N S l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 3 3 : V a r i a t i o n i n t h e w i d t h o f s t o m a t a i n t h e u p p e r a n d l o w e r 
e p i d e r m i s o f S i d a r h o m b i f o l i a L . ( M e a n + S . D . ) i n u m ) p e r c e n t 
v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m L e a f P l a n t D e v e l o p m e n t S t a g e s 
p o l l u t i o n s o u r c e S u r f a c e 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
1 2 . 6 2 ± 1 . 5 0 1 2 . 1 0 ± 2 . 6 2 0 9 . 1 2 ± 2 . 0 6 
U * * ( - 1 1 . 6 2 ) ( - 0 8 . 0 5 ^ ® ) ( - 2 8 . 0 0 ) 
k k m 1 4 . 6 2 ± 2 . 0 8 1 3 . 2 6 ± 2 . 1 7 1 4 . 4 8 ± 0 1 . 6 8 
L 
( - 0 3 . 7 0 ^ ^ ) ( - 0 7 . 1 4 ^ ^ ) ( - 0 3 . 2 6 ^ ^ ) 
1 2 . 0 0 ± 2 . 0 6 1 2 . 6 4 ± 3 . 0 8 0 9 . 3 4 1 2 . 6 4 
U 
( - 1 6 . 0 0 ) ( - 0 4 . 0 0 * ^ ^ ) ( - 2 6 . 1 1 ) 
2 k m 1 2 . 7 5 ± 1 . 6 5 1 3 . 1 8 ± 1 . 9 4 1 5 . 1 2 ± 0 1 . 6 5 
L ( - 1 6 . 0 0 ) ( - 0 7 . 7 0 ^ ) ( - 0 1 . 4 3 ' ^ ® ) 
1 1 . 0 0 ± 1 . 4 3 1 0 . 7 2 ± 0 . 5 5 0 8 . 5 2 ± 2 . 3 0 
u 
( - 2 3 . 0 0 ) ( - 1 8 . 5 4 * ) 
* * 
( - 3 2 . 6 0 ) 
1 2 . 0 0 ± 2 . 3 2 1 3 . 2 4 ± 1 . 6 8 1 1 . 2 5 ± 0 1 . 9 3 
L 
( - 2 1 . 0 0 ) ( 0 7 . 3 0 ' ^ ) ( - 2 6 . 6 6 ) 
u 
1 1 . 2 6 ± 1 . 8 6 1 1 . 5 2 ± 2 . 2 2 1 1 . 8 1 ± 2 . 5 2 
( - 2 1 . 1 5 ) ( - 1 2 . 5 0 ^ ) ( - 0 6 . 5 6 ^ ® ) 
1 2 k m 1 1 . 2 8 ± 1 . 7 0 1 2 . 7 4 ± 1 . 5 4 1 2 . 1 0 ± 2 . 3 7 
L Host 
( - 2 6 . 0 0 ) ( - 1 0 . 7 8 ^ ® ) ( - 2 1 . 1 2 ) 
U 1 4 . 2 8 ± 2 . 8 6 1 3 . 1 6 ± 2 . 2 0 1 2 . 6 4 ± 2 . 8 6 
1 6 k m L* 1 5 . 1 8 ± 2 . 8 7 1 4 . 2 8 ± 1 . 7 1 1 5 . 3 4 ± 2 . 6 0 
L S D a t 1% l e v e l ^ 1 . 3 5 2~m - T T Z U " 
L 1 . 3 2 2 . I D 1 . 9 0 
U 1 . 0 3 L 9 0 2 . 4 0 
L S D a t 5 ' t l e v e l 
L 1 . 0 0 L 6 0 1 . 4 0 
** * MC 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5% l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 3 4 : V a r i a t i o n i n t h e l e n g t h o f s t o m a t a l p o r e i n t h e u p p e r e p i d e r m i s 
o f C a s s i a s o p h e r a L . a n d S i d a r h o m b i f o l i a L . { M e a n ± S . D . i n u m ) 
p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
L e a f P l a n t D e v e l o p m e n t S t a g e s 
S u r f a c e 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
2 k m 
6 k m 
1 2 k m 
1 6 k m 
L . S . D . 1% l e v e l 
L . S . D . a t 5% l e v e l 
11.25±1.12 11.75±0.68 10.16±1.83 
c 
(oo.oo'^^) (-0.42^^) (-17.46^^) 
10.02±1.93' 13.00±1.76 13.05±1.58 
s 
(-11.17*) (-07.74^^) 
M S 
08.96±0.95 11.25±1.25 10.68±1.62 
c 
(-20.35*) (-4.66^®) (-13.24^®) 
08.84±0.96 12.86±2.05 13.18±2.30 
s 
(-21.63 ) (-08.73*) 
N m 
(-11.30^^^) 
08.00±0.68 09.82±1.43 09,57±0.88 
c 
(-29.00**) (-16.78 ) (-22.26*) 
07.50±0,82 12.25±1.55 10.78±1.08 
s 
(-33.51 ) (-13.06**) 
* * 
(-27.45 ) 
11.30±1.47 12.05±1.08 11.43±2.16 
c 
( + 0.44'^^) ( + 2.12'^^) (-7.15'^S) 
07.96±0.81 13.28±2.89 11.48±1.86 
s * * 
(-29.43 ) (-05.75*^^) (-22.88*) 
c 11.25±1.44 11.80±2.05 12.31±1.76 
s 11.28±1.25 14.09±1.65 14.86±2.03 
c 2.30 1.69 2 . 9 7 
s 1.30 1.62 3.57 
c 1.71 1.25 2.21 
s 0.96 1.20 2.65 
S i g n i f i c a n t a t 1% l e v e l , S i g n i f i c a n t a t 5 % 
C = C a s s i a s o p h e r a L . 5 S = S i d a r h o m b i f o l i a 
N S . l e v e l , N o n s i g n i f i c a n t . 
L . 
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T a b l e 3 5 : V a r i a t i o n i n t h e l e n g t h o f s t o m a t a l p o r e i n l o w e r e p i d e r m i s o f 
C a s s i a s o p h e r a L . a n d S i d a r h o m b i f o l l a L . ( M e a n ± S . D . i n u m ) p e r 
c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e S p e c i e s 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
h k m 
2 k m 
6 k m 
1 2 k m 
1 6 k m 
1 0 . 0 0 ± 3 . 3 1 1 3 . 7 5 ± 2 . 1 2 1 4 . 0 6 ± 3 . 2 6 
c 
( + 1 4 . 3 0 " ^ ® ) ( + 1 1 . 4 2 ^ ® ) ( + 1 9 . 6 6 * ) 
1 1 . 2 5 ± 1 . 8 7 1 1 . 8 2 ± 1 . 6 8 1 2 . 1 3 ± 2 . 3 1 
s 
( - 0 6 . 6 4 ' ^ ^ ) ( - 1 0 . o o ' ^ ^ ) ( - 0 9 . 0 7 * ^ ^ ) 
1 1 . 3 3 ± 1 . 2 6 1 1 . 6 7 ± 2 . 1 4 1 1 . 8 6 ± 1 . 8 7 
c 
( + 2 9 . 5 0 ) * ) ( - 0 5 . 4 3 ^ ® ) ( + 0 . 9 4 ^ ® ) 
1 0 . 8 6 ± 1 . 5 6 1 1 . 3 2 + 1 . 9 6 1 2 . 4 0 x 2 . 0 5 
s 
( - l O . O O " ^ ^ ) ( - 1 3 . 7 2 ^ ® ) ( - 0 7 . 0 5 ^ ^ ) 
1 0 . 5 0 ± 0 . 6 3 1 1 . 0 5 ± 2 . 8 4 1 0 . 8 9 ± 1 . 0 5 
c Nm ( + 2 0 . 0 0 ) ( - 1 0 . 4 5 ^ ® ) MS ( - 0 7 . 3 2 * ^ ^ ) 
0 7 . 5 6 t 0 . 8 6 1 0 . 0 0 ± 0 . 8 6 1 1 . 0 4 + 2 . 1 1 
s 
( - 3 7 . 2 6 ) ( - 2 3 . 7 8 ' ' ) ( - 1 7 . 2 4 * ) 
0 5 . 4 U 1 . 3 0 0 8 . 4 3 ± 1 . 1 0 1 0 . 1 0 ± 2 . 0 5 
c * * 
( - 3 8 . 2 0 ) 
si!* 
( - 3 1 . 7 0 ) ( - 1 4 . 0 4 * ^ ^ ) 
0 8 . 3 7 ± 1 . 0 2 1 0 . 4 6 ± 1 . 3 2 1 1 . 5 0 ± 1 . 7 2 
s 
( - 3 0 . 5 4 * * ) ( - 2 0 . 2 7 ^ ^ ) ( - 1 3 . 7 9 ^ ^ ) 
c 0 8 . 7 5 ± 1 . 2 5 1 2 . 3 4 ± 2 . 4 2 1 1 . 7 5 ± 2 . 1 5 
s 1 2 . 0 5 ± 2 . 5 1 1 3 . 1 2 ± 3 . 0 5 1 3 . 3 4 ± 2 . 7 1 
c 2 . 8 2 3 . 2 8 3 . 0 9 
s 2 . 2 0 4 . 1 0 2 . 6 0 
c 2 . 0 9 2 . 4 3 2 . 2 9 
s 1 . 6 0 3 . 0 0 1 . 9 0 
L . S . D . a t 1 % 
l e v e l 
L . S . D . a t 5 % 
l e v e l 
* * * M Q 
S i g n i f i c a n t a t 1 % l e v e l . S i g n i f i c a n t a t 5 % l e v e l , N o n s i g n i f i c a n t 
C = C a s s i a s o p h e r a L . a n d S = S i d a r h o m b i f o l l a . 
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T a b l e 3 6 : V a r i a t i o n I n t h e w i d t h o f s t o m a t a l p o r e i n u p p e r e p i d e r m i s o f 
C a s s i a s o p h e r a L . a n d S i d a r h o m b i f o l i a L . ( M e a n ± S . D . i n u m ) p e r 
c e n t v a r ' a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e S p e c i e s 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
02.30±0.95 02.75±0.26 02.50±0.43 
C 
(-36.00 ) (-30.38*) (-15.25^^) 
^ k m 
01.84±0.75 1.58±0.20 01.00±0.05 
S 
(-40.00 ) 
03.00±0.70 
(-26.51^^) 
03.75±1.25 
(-45.65 ) 
02.86±1.11 
c 
(-16.66*') N S (-05.06*^ ) (-03.05^^®) 
2 k m 
02.12±1.11 01.96±0.45 01.43±0.72 
s 
(-30.72 ) 
01.49±0.33 
(-08.84^^) 
02.16±0.08 
(-22.28 ) 
01.93±0.05 
c 
(-58.61**) (-45.32 ) (-34.57 ) 
6 k m 
01.26±0.90 01.56±0.32 01.20±0.12 
s 
(-58.82 ) 
02.46t0.66 
(-27.44^^^) 
02.85±0.80 
(-34.78 ) 
02.16±0.33 
c 
(-31.66 ) (-27.87*) (-26.78*) 
12 k m 
02.20±0.30 01.62+0.08 0.88±0.00 
s * * 
(-28.10 ) (-24.65^^) (-52.17 ) 
c 03.60±0.20 03.9510.25 02.95±0.90 
16 k m 
s 03.06±1.00 02.15±0.32 01.84+0.55 
L . S . D . a t 1% c 0.80 1.38 1.02 
l e v e l s 0.81 0.93 0.33 
c 0.59 1.02 0.75 
L . S . D . a t 5% 
l e v e l s 0.60 0.69 0.25 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5 % 
C = C a s s i a s o p h e r a L . , S = S i d a r h o m b i f o l i a 
N S 
l e v e l , N o n s i g n i f i c a n t 
L . 
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Table 37: V a r i a t i o n i n t h e w i d t h o f s t o m a t a l p o r e i n l o w e r e p i d e r m i s o f 
C a s s i a s o p h e r a L . a n d S i d a r h o m b l f o l i a L . ( M e a n ± S . D . i n u m ) p e r 
c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e S p e c i e s 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l D w e r i n g F lowering P o s t - f l o w e r i n g 
h k m 
2 k m 
6 k m 
1 2 k m 
1 6 k m 
L . S . D . a t 1 % l e v e l 
L . S . D . a t 5% l e v e l 
0 1 . 9 8 ± 0 . 1 8 
c 
( + 2 7 . 0 0 * ^ ^ ) 
0 2 . 0 8 . ± 0 . 7 2 
s 
( - 4 . 6 0 ^ ^ ) 
Q 3 . 0 8 ± 0 . 6 3 
c 
( + 9 7 . 0 0 ) 
0 1 . 9 6 ± 0 . 3 5 
s 
( - 0 1 . 0 9 ^ ® ) 
0 3 . 0 0 ± 0 . 6 8 
c 
( + 9 2 . 0 0 ) 
0 1 . 8 5 ± 0 . 1 8 
s 
( - 1 5 . 
0 1 . 5 0 ± 0 . 6 6 
c 
( - 3 . 8 4 ^ ^ ) 
0 2 . 0 5 ± 0 . 4 2 
s 
( - 0 6 . O O ' ^ ^ ) 
c 0 1 . 5 6 ± 0 . 3 1 
s 0 2 . 1 8 ± 0 . 3 3 
c 0 . 9 0 
s 0 . 5 1 
c 0 . 7 0 
s 0 . 3 9 
0 4 . 4 0 ± 0 . 5 1 
( + 8 1 . 0 7 ) 
0 1 . 6 6 ± 0 . 7 0 
( - 1 3 . 5 4 ^ ^ ) 
0 3 . 2 5 ± 0 . 9 4 
( + 3 3 . 7 4 ' ^ ^ ) 
0 2 . 0 0 ± 0 . 4 3 
( + 0 4 . 1 6 ^ ^ ) 
0 2 . 8 2 ± 1 . 3 0 
( + 1 6 . 0 5 ' ^ ® ) 
0 1 . 4 3 ± 0 . 6 2 
( - 2 5 . 5 2 ' ^ ^ ) 
0 2 . 3 0 ± 0 . 9 5 
( - 5 . 3 5 ^ ^ ) 
0 1 . 5 6 ± 0 . 0 7 
( - 1 8 . 7 5 ^ ^ ) 
0 2 . 4 3 ± 0 . 8 5 
0 1 . 9 2 ± 0 . 3 2 
01.60 
0 . 9 0 
01.20 
0.68 
0 2 . 0 6 ± 0 . 5 3 
( - 1 9 . 5 3 * ) 
0 1 . 8 9 ± 0 . 4 8 
( - 8 . 2 5 ^ ® ) 
0 2 . 6 5 ± 0 . 8 5 
( + 3 3 . 5 1 ^ ® ) 
0 1 . 5 4 + 0 . 2 5 
SSSJ! 
( - 2 5 . 2 4 ) 
0 2 . 0 8 ± 0 . 5 2 
( - 1 8 . 7 5 ' ^ ) 
0 1 . 6 2 ± 0 . 1 3 
( - 3 8 . 8 3 ) 
0 1 . 8 8 ± 0 . 6 7 
( - 2 6 . 5 6 ) 
0 1 . 1 2 ± 0 . 0 5 
( - 4 5 . 6 3 ) 
0 2 . 5 6 ± 0 . 7 3 
0 2 . 0 6 ± 0 . 6 6 
0.60 
0 . 4 8 
0 . 4 0 
0 . 3 6 
S i g n i f i c a n t a t 1 % l e v e l , " s i g n i f i c a n t a t 5% l e v e l , ^ ^ N o n s i g n i f i c a n t . 
C = C a s s i a s o p h e r a a n d S = S i d a r h o m b l f o l i a L . 
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T a b l e 3 8 : V a r i a t i o n i n t h e s t o m a t a l i n d e x i n u p p e r a n d l o w e r e p i d e r m i s 
o f C a s s i a s o p h e r a L . ( M e a n ± S . D . ) p e r c e n t v a r i a t i o n g i v e n i n 
p a r e n t h e s e s . 
D i s t a n c e f r o m L e a f 
p o l l u t i o n s o u r c e s u r f a c e P l a n t D e v e l o p m e n t S t a g e s 
P r e - f t o w e r i n g F l o w e r i n g P o ^ ^ I o w e r i n g 
h k m 
U 
2 5 . 6 0 ± 5 . 7 5 
( - 2 6 . 4 0 ) 
2 8 . 3 2 ± 7 . 8 0 
( - 2 7 . 5 6 ^ ^ ) 
2 4 . 2 1 ± 5 . 6 7 2 4 . 8 3 ± 3 . 2 6 
( - 0 1 . 7 2 ^ ^ ) 
. N S 
( - 0 7 . 1 0 ^ ^ ) 
2 3 . 0 5 ± 4 . 0 9 2 5 . 7 3 ± 5 . 4 5 
N S , ( - 1 4 . 6 5 ^ ) ( - 1 5 . 2 8 ) 
2 k m 
U 
2 5 . 5 8 ± 5 . 2 7 
( - 2 6 . 4 4 ) 
2 2 . 3 7 ± 5 . 0 5 
2 1 . 1 4 + 4 . 9 7 2 3 . 8 3 ± 4 . 7 6 
, N S N S , ( - 1 1 . 2 0 ) ( - 1 0 . 8 5 ) 
2 2 . 0 0 ± 3 . 3 8 2 2 . 3 7 ± 4 . 7 8 
( - 3 8 . 4 3 ) ( - 1 8 . 6 4 ) ( - 2 6 . 3 4 ) 
6 k m 
U 
2 2 . 9 7 ± 5 . 4 4 
( - 3 3 . 9 4 ) 
1 9 . 5 0 ± 3 . 0 5 
SjC ^ 
( - 4 6 . 3 3 ) 
1 9 . 8 5 ± 4 . 3 0 2 2 . 0 5 ± 5 . 4 0 
(-16.60 ) 
( - 2 5 . 6 0 * * ) 
( - 1 7 . 5 0 ) 
2 0 . 1 0 ± 3 . 5 2 2 0 . 5 0 ± 3 . 5 7 
( - 3 2 . 5 0 ) 
1 2 k m 
U 
3 2 . 8 3 ± 6 . 7 6 
( - 5 . 6 0 " ^ ^ ) 
2 8 . 2 1 ± 4 . 9 2 
( - 2 2 . 3 6 ^ ^ ) 
2 2 . 7 6 ± 5 . 0 6 2 5 . 6 3 ± 6 . 3 4 
( - 0 4 . 4 0 ^ ^ ® ) 
( - 4 . 5 0 ' ^ ^ ) 
( - 0 4 . 1 1 * ^ ^ ) 
2 5 . 8 0 ± 5 . 2 4 2 5 . 0 9 ± 5 . 8 5 
( - 1 7 . 3 8 ^ ^ ) 
1 6 k m 
U 
L 
L . S . D . a t 1 % l e v e l 
L . S . D . a t l e v e l 
U 
L 
U 
3 4 . 7 8 ± 7 . 3 G 
3 6 . 3 3 ± 7 . 2 7 
8 . 7 7 
1 4 . 0 0 
6.82 
10.88 
2 3 . 8 0 ± 5 . 0 0 
2 7 . 0 ± 5 . 7 2 
5 . 2 1 
6.00 
3 . 9 1 
4 . 1 2 
2 6 . 7 3 ± 5 . 7 0 
3 0 . 3 7 ± 7 . 4 2 
4 . 6 2 
9 . 0 0 
3 . 4 7 
7 . 0 0 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t N S 5 % l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 3 9 : V a r i a t i o n i n t h e s t o m a t a l i n d e x i n u p p e r a n d l o w e r e p i d e r m i s 
o f S i d a r h o m b i f o l i a L . ( M e a n ± S . D . ) p e r c e n t v a r i a t i o n g i v e n i n 
p a r e n t h e s e s . 
D i s t a n c e f r o m L e a f 
p o l l u t i o n s o u r c e s u r f a c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
^ k m 
U 
1 1 . 3 5 ± 1 . 4 7 
( - 3 5 . 6 0 ) 
1 2 . 8 9 ± 2 . 3 5 
( - 2 7 . 2 7 * ) 
1 2 . 5 2 . 1 . 3 1 
U 
1 0 . 8 9 ± 1 . 9 5 
( + 1 0 . 1 2 ^ ^ ) 
1 1 . 4 3 ± 1 . 7 9 
( - 3 2 . 3 0 * ) 
0 9 . 1 7 ± 1 . 5 9 
1 1 . 8 0 ± 2 . 2 3 
( + 2 0 . 0 4 * ) 
1 2 . 3 6 ± 1 . 6 8 
( - 2 7 . 3 0 ) 
0 9 . 1 8 ± 1 . 6 2 
( - 2 9 . 0 0 ( - 0 7 . 2 6 " ^ ® ) ( - 6 . 6 1 ^ ^ ) 
2 k m 
1 0 . 4 0 ± 2 . 0 9 , 1 1 . 0 7 ± 2 . 9 6 1 0 . 9 6 ± 1 . 5 2 
L 
( - 4 1 . 3 4 ) ( - 3 4 . 5 0 * ) ( - 3 5 . 5 3 * ) 
U 
1 0 . 1 3 ± 1 . 4 4 0 8 . 0 4 ± 1 . 0 9 0 9 . 0 0 ± 1 . 1 7 
( - 4 2 . 5 0 ) ( - 1 8 . ( - 8 . 4 4 ^ ^ ) 
6 k m 
0 8 . 3 4 ± 1 . 9 5 0 9 . 5 6 ± 1 . 2 9 1 0 . 8 0 ± 2 . 0 1 
L 
( - 5 3 . 0 0 * * ) ( - 4 3 . 4 0 ) ( - 3 6 . 4 7 * ) 
U 
1 3 . 4 8 ± 2 . 1 3 0 9 . 6 3 ± 1 . 2 0 1 0 . 1 2 ± 1 . 0 3 
( - 2 3 . 5 0 * ) ( - 2 . 6 7 ^ ^ ) ( + 3 . 0 0 ^ ^ ) 
1 2 k m 
1 5 . 6 1 ± 2 . 3 1 1 2 . 2 2 ± 2 . 6 0 1 4 . 2 3 ± 3 . 1 7 
L 
( - 1 2 . 0 0 ^ ^ ) ( - 2 7 . 6 7 * ) ( - 1 6 . 3 0 ^ ^ ) 
U 1 7 . 6 2 ± 2 . 9 3 0 9 . 8 9 ± 1 . 2 9 0 9 . 8 3 ± 1 . 2 6 
1 6 k m 
L 1 7 . 7 3 ± 2 . 6 1 1 6 . 8 9 ± 1 . 3 3 1 7 . 0 0 ± 1 . 5 5 
U 4 . 1 0 3 . 0 0 2 . 0 5 
L . S . D . a t 1% l e v e l 
L 5 . 4 0 6 . 2 0 6 . 6 0 
U 3 . 0 0 2 . 2 0 1 . 4 8 
L . S . D . a t 5 ^ l e v e l 
L 4 . 0 0 4 . 6 0 4 . 9 0 
S i g n i f i c a n t a t 1% l e v e l , S i g n i f i c a n t a t 5% 
MC 
l e v e l , N o n s i g n i f i c a n t . 
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ANATOMICAL RESPONSES : 
I n t h e p r e c e d i n g p a r a g r a p h s o b s e r v a t i o n s h a v e b e e n 
r e c o r d e d o n t h e p o l l u t i o n a l i m p a c t o n p l a n t m o r p h o l o g y , p h o t o s y n t h e t i c 
p i g m e n t s , l e a f m i n e r a l e l e m e n t s a n d e p i d e r m a l t r a i t s . T h a t t h e f o r m 
a n d f u n c t i o n o f a p l a n t s y s t e m h a v e a d i r e c t b e a r i n g o n i t s i n t e r n a l 
a r c h i t e c t u r e c a n b e a s c e r t a i n e d b y m o n i t o r i n g t h e a n a t o m i c a l r e s p o n s e s 
o f t h e s p e c i e s u n d e r s t u d y t o p o l l u t i o n l o a d . 
STEM ANATOMY : 
T o r e c o r d v a r i a t i o n s w i t h s t e m a n a t o m y , t h e p a r a m e t e r s 
c h o s e n a r e d i m e n s i o n s o f f i b r e s a n d v e s s e l e l e m e n t s , f r e q u e n c y o f 
v e s s e l e l e m e n t s a n d p e r c e n t d i s t r i b u t i o n o f t h e c o r t e x , v a s c u l a r 
t i s s u e a n d p i t h . 
Fibre Length : T h e d a t a o n f i b r e l e n g t h v a r i a t i o n i n t h e s t e m o f C . 
s o p h e r a a n d S . r h o m b i f o l i a a r e p r e s e n t e d i n T a b l e s 4 0 a n d 4 1 . I n 
t h e p r e f l o w e r i n g s t a g e o f C . s o p h e r a , t h e m e a n l e n g t h o f f i b r e a t 
t h e r e f e r e n c e s i t e i s 5 2 3 . 1 2 | i m . T h i s d e c r e a s e d t o t h e 4 1 3 . 5 p m d u e 
t o t h e h e a v y c o n c e n t r a t i o n o f p o l l u t a n t s a t s i t e C s h o w i n g a v a r i a t i o n 
o f - 2 0 . 9 6 % . T h e r e w a s a s y s t e m a t i c d e c r e a s e i n f i b r e l e n g t h f r o m 
s i t e A ( 1 / 2 k m d i s t a n c e ) t o s i t e C ( 6 k m d i s t a n c e ) b u t a f a s t 
r e c o v e r y o c c u r r e d a t s i t e D ( 1 2 k m ) a n d t h e p e r c e n t v a r i a t i o n w a s 
r e d u c e d t o - 0 . 5 1 , a n o n - s i g n i f i c a n t d i f f e r e n c e i n c o m p a r i s o n w i t h t h e 
f i b r e l e n g t h a t s i t e E . 
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S i m i l a r l y i n S . r h o m b i f o H a ( T a b l e 4 1 ) t h e m a x i m u m 
v a r i a t i o n i n f i b r e l e n g t h w a s t o t h e t u n e o f - 1 8 . 4 5 % a t s i t e C . 
H o w e v e r , r e c o v e r y p r o c e s s w a s n o t a s f a s t h e r e a s a t 1 2 k m d i s t a n c e 
f r o m p o l l u t i o n s o u r c e , a n d t h e p e r c e n t v a r i a t i o n m e a s u r e d - 1 5 . 7 3 
w h i c h i s s t a t i s t i c a l l y h i g h l y s i g n i f i c a n t . D u r i n g t h e f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s t h e t r e n d w a s m o r e o r l e s s s i m i l a r b u t t h e 
m a x i m u m p e r c e n t v a r i a t i o n s a t 6 k m d i s t a n c e w e r e - 3 0 . 3 6 a n d - 2 7 . 4 4 
r e s p e c t i v e l y . I n C . s o p h e r a w h e r e a s - 8 . 5 5 a n d - 9 . 4 0 i n S . 
r h o m b i f o U a . 
Vessel Element Dimension : T h e i m p a c t o f p o l l u t i o n l o a d o n t h e 
l e n g t h o f v e s s e l e l e m e n t s i n r e l a t i o n t o t h e s t a g e o f p l a n t d e v e l o p m e n t 
a n d t h e i n c r e a s i n g d i s t a n c e f r o m p o l l u t i o n s o u r c e i s o b v i o u s f r o m 
T a b l e s 4 2 a n d 4 3 . I n C . s o p h e r a , t h e a v e r a g e l e n g t h o f v e s s e l 
e l e m e n t s r e c o r d e d d u r i n g t h e p r e - f l o w e r i n g s t a g e a t 1 6 k m f r o m 
p o l l u t i o n s o u r c e w a s 1 9 6 . 2 5 u m a n d , i n t e r e s t i n g l y , i t i n c r e a s e d i n t h e 
v i c i n i t y o f t h e s o u r c e { k k m d i s t a n c e ) , t h o u g h n o n - s i g n i f i c a n t l y . T h i s 
i n c r e a s e w a s g r a d u a l l y r e d u c e d w i t h t h e i n c r e a s i n g d i s t a n c e f r o m 
p o l l u t i o n s o u r c e . A t 6 k m d i s t a n c e , i t d e c r e a s e d b y 2 . 1 2 % o n l y . 
H o w e v e r , a g a i n a t 1 2 k m d i s t a n c e t h e v a r i a t i o n i n c r e a s e d t o t h e t u n e 
o f 4 . 6 0 % t h o u g h i t w a s s t i l l s t a t i s t i c a l l y n o n - s i g n i f i c a n t . O n t h e 
c o n t r a r y , i n S . r h o m b i f o l l a ( T a b l e 4 3 ) , t h e i n c r e a s e i n t h e l e n g t h o f 
v e s s e l e l e m e n t w a s t o t h e t u n e o f a h i g h l y s i g n i f i c a n t 2 7 . 4 4 % w h i c h , 
t h o u g h , g r a d u a l l y r e d u c e d w i t h t h e i n c r e a s i n g d i s t a n c e f r o m p o l l u t i o n 
s o u r c e . T h e i n c r e a s e w a s t h e m i n i m u m ( 2 . 5 9 % ) a t 6 k m d i s t a n c e a n d 
s u b s e q u e n t l y , a s i n C . s o p h e r a . i t r o s e t o t h e l e v e l o f 6 . 0 4 % . D u r i n g 
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t h e f l o w e r i n g s t a g e t h e l e n g t h d e c r e a s e d t o t h e t u n e o f 3 6 . 0 0 % i n 
c o m p a r i s o n t o t h a t a t 1 6 k m d i s t a n c e ( s i t e E ) . D u r i n g t h e 
p o s t - f l o w e r i n g s t a g e i t i n c r e a s e d ( 3 1 % ) o v e r t h e s i z e o f v e s s e l 
e l e m e n t s a t s i t e E d u r i n g f l o w e r i n g s t a g e . F u r t h e r , d u r i n g t h e 
f l o w e r i n g s t a g e t h e m a x i m u m i n c r e a s e ( 2 0 4 . 5 8 j a m ) w a s o b s e r v e d a g a i n 
a r o u n d ( 1 / 2 k m d i s t a n c e ) t h e s o u r c e w h i l e t h e l o w e s t ( 1 6 0 . 4 5 ; i m ) w a s 
a t 6 k m d i s t a n c e . T h e p e r c e n t v a r i a t i o n i s a h i g h l y s i g n i f i c a n t a t 
1 / 2 k m d i s t a n c e ( 3 6 . 1 4 ) a n d n o n - s i g n i f i c a n t ( 6 . 7 7 % ) a t 6 k m d i s t a n c e . 
T h e d a t a r e c o r d e d f o r t h e f l o w e r i n g s t a g e s h o w a c o m p a r a t i v e l y 
h i g h e r p e r c e n t v a r i a t i o n t h a n f o r t h e p r e - f l o w e r i n g s t a g e . S i m i l a r l y , 
i n S^. r h o m b i f o H a t h e l e n g t h o f v e s s e l e l e m e n t d e c r e a s e d b y 3 6 . 6 0 % 
c o m p a r e d t o t h e p r e - f towering s t a g e , a t t h e d i s t a n c e o f 1 6 k m . 
S i g n i f i c a n t l y , t h e l e n g t h g o t a b o o s t t o t h e t u n e o f 3 4 . 6 9 % d u r i n g t h e 
p o s t - f l o w e r i n g s t a g e . F u r t h e r , t h e t r e n d o b s e r v e d a t t h e f l o w e r i n g 
s t a g e w i t h r e f e r e n c e t o t h e i n c r e a s i n g d i s t a n c e f r o m t h e s o u r c e i s 
m o r e o r l e s s s i m i l a r t o t h a t i n C . s o p h e r a . H o w e v e r , d u r i n g t h e 
p o s t - f l o w e r i n g s t a g e o f C . s o p h e r a t h e e x t e n t o f p e r c e n t v a r i a t i o n 
w a s c o m p a r a t i v e l y l e s s , b u t a l v / a y s i n t h e n e g a t i v e s i d e a n d m o r e 
o f t e n s t a t i s t i c a l l y s i g n i f i c a n t . O n t h e c o n t r a r y , i n S . r h o m b i f o l i a t h e 
p e r c e n t v a r i a t i o n w a s s i g n i f i c a n t a n d o n t h e p o s i t i v e s i d e a t a l l t h e 
e x p e r i m e n t a l s i t e s e x c e p t a t 6 k m f r o m t h e s o u r c e . 
D a t a o n t h e w i d t h o f t h e v e s s e l e l e m e n t i n t h e s t e m s o f 
s o p h e r a a n d S . r h o m b i f o H a a r e p r e s e n t e d i n T a b l e s 4 4 a n d 4 5 . 
I n t h e y o u n g C . s o p h e r a p l a n t s , t h e v e s s e l w i d t h i s 4 7 . 8 1 ;Lim a t 
1 6 k m d i s t a n c e . H e r e , t h e r a t i o o f w i d t h t o l e n g t h i s h i g h e r t h a n 
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d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s . A n o n - s i g n i f i c a n t 
i n c r e a s e o f 6 . 6 7 % w a s o b s e r v e d i n v e s s e l w i d t h a t 1 / 2 k m d i s t a n c e . 
A s i g n i f i c a n t l o s s w a s , h o w e v e r , o b s e r v e d w i t h s u b s e q u e n t i n c r e a s e 
i n d i s t a n c e , t h e m a x i m u m b e i n g a t 6 k m , w i t h a h i g h l y s i g n i f i c a n t 
p e r c e n t v a r i a t i o n ( - 2 5 . 0 9 ) . O n t h e c o n t r a r y , i n y o u n g p l a n t s o f S . 
r h o m b i f o l i a , t h e w i d t h s h o w e d a h i g h l y s i g n i f i c a n t i n c r e a s e a t 2 k m 
d i s t a n c e a n d u p t o 1 2 k m d i s t a n c e , t h e m a x i m u m v a l u e ( 2 7 . 8 1 % ) b e i n g 
a t t h e d i s t a n c e o f 6 k m . D u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g 
s t a g e s a l s o t h e v e s s e l w i d t h i n C . s o p h e r a ( T a b l e 4 4 ) s h o w s a 
s i m i l a r p a t t e r n o f r e s p o n s e t o t h e p o l l u t i o n i n r e l a t i o n t o d i s t a n c e 
f r o m p o l l u t i o n s o u r c e , w i t h o n l y s l i g h t f l u c t u a t i o n s . 
I n S . r h o m b i f o l i a , v e s s e l w i d t h d u r i n g t h e f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s ( T a b l e 4 5 ) e x h i b i t e d t h e t r e n d i t d i d d u r i n g 
t h e p r e - f l o w e r i n g s t a g e . F u r t h e r , t h e i n c r e a s e o b s e r v e d d u r i n g t h e s e 
s t a g e s a t t h e d i s t a n c e s o f 2 k m a n d 6 k m a r e h i g h l y s i g n i f i c a n t . 
V e s s e l F r e q u e n c y : S i n c e v e s s e l e l e m e n t s p l a y a v i t a l r o l e i n 
m a i n t a i n i n g t h e p h y s i o l o g i c a l b a l a n c e i n t h e p l a n t s y t e m , i t w a s 
e s s e n t i a l t o k n o w t h e i m p a c t o f p o l l u t i o n l o a d o n v e s s e l f r e q u e n c y 
( F i g u r e s 2 8 a n d 2 9 ) . 
I n t h e c a s e o f C . s o p h e r a , t h e m a x i m u m i n c r e a s e i n t h e 
frequency o f v e s s e l e l e m e n t s d u e t o t h e p o l l u t i o n l o a d , d u r i n g t h e p r e -
f l o w e r i n g s t a g e , w a s e n c o u n t e r e d a t a d i s t a n c e o f 6 k m ( s i t e C ) o v e r 
t h e v a l u e s r e c o r d e d a t 1 6 k m ( s i t e E ) . I n t e r m s o f v a r i a t i o n t h e 
m a x i m u m ( 5 3 . 0 0 % ) w a s r e c o r d e d a t 6 k m . a n d t h e m i n i m u m ( 2 8 . 0 0 % ) 
a t 1 / 2 k m d i s t a n c e ( F i g . 2 8 ) . 
O n t h e c o n t r a r y , i n S . r h o m b l f o l i a , t h e n u m b e r o f v e s s e l 
e l e m e n t s p e r u n i t a r e a d e c l i n e d s y s t e m a t i c a l l y w i t h r e f e r e n c e t o t h e 
toad o f p o l l u t i o n o b s e r v e d a t t h e f i r s t t h r e e e x p e r i m e n t a l s i t e s . T h e 
p e r c e n t v a r i a t i o n a t a l l t h e e x p e r i m e n t a l s i t e s w a s o n t h e n e g a t i v e 
s i d e a n d r a n g e d r o m 5 . 3 5 a t 1 / 2 k m d i s t a n c e t o a m a x i m u m o f 5 1 . 0 0 
a t 6 k m d i s t a n c e , b e y o n d w h i c h t h e l o s s d e c r e a s e d . 
O n t h e o t h e r h a n d , d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g 
s t a g e s t h e i n c r e a s i n g t r e n d i n C . s o p h e r a ( F i g . 2 8 ) a n d t h e d e c r e a s i n g 
t r e n d i n S . r h o m b i f o l i a ( F i g . 2 9 ) w e r e m o r e o r l e s s s i m i l a r t o t h e 
r e s p e c t i v e o b s e r v a t i o n s r e c o r d e d d u r i n g t h e p r e - f l o w e r i n g s . e a s o n w i t h 
r e s p e c t t o d i s t a n c e f r o m p o l l u t i o n s o u r c e . H o w e v e r , i n b o t h s p e c i e s , 
t h e r e s p o n s e o f v e s s e l n u m b e r t o t h e i n c r e a s i n g p o l l u t i o n l o a d w a s 
c o m p a r a t i v e l y g r e a t e r a t t h e p o s t - f l o w e r i n g t h a n a t t h e f l o w e r i n g 
s t a g e . 
Relative proportions of Cortex, Vascular tissue and Pit^h : A t t h e 
o n s e t o f t h e s e c o n d a r y g r o w t h i n t h e s t e m t h e r e w a s a n o b v i o u s 
i n c r e a s e i n t h e v a s c u l a r s y s t e m a n d s u b s e q u e n t r e d u c t i o n i n t h e c o r t e x 
a n d p i t h r e g i o n w i t h r e f e r e n c e t o t h e p r e - f l o w e r i n g , f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s . T h e d a t a o b t a i n e d f o r t h e s e a n a t o m i c a l 
p a r a m e t e r s h a v e b e e n p o o l e d a n d r e p r e s e n t e d i n p e r c e n t a g e i n F i g s . 
3 0 a n d 3 1 , 
A c u r s o r y g l a n c e o v e r t h e s e f i n g u r e s r e v e a l s t h a t t h e r e 
i s a m a r k e d d i f f e r e n c e i n t h e o n t o g e n e t i c b e h a v i o u r o f t h e c o r t e x , 
v a s c u l a t u r e a n d p i t h a t t h e r e f e r e n c e s i t e . W h i l e i n C - s o p h e r a i n t h e 
121 
p r e - f l D w e r i n g s t a g e , t h e v a s c u l a r t i s s u e s o c c u p i e s a b o u t 2 6 . 0 5 % , t h e 
p r o p o r t i o n o f t h e p i t h i s a b o u t t h r e e f o l d ( 7 0 . 4 9 % ) a n d t h e c o r t e x 
i s m e r e 3 . 4 6 % . T h e c o r r e s p o n d i n g v a l u e s i n S . r h o m b i f o l i a a r e 
5 4 . 4 0 % , 4 3 . 0 0 % a n d 2 . 6 0 % , r e s p e c t i v e l y . T h a t d u r i n g t h e p r e - f l o w e r i n g 
s t a g e t h e a m o u n t o f v a s c u l a t u r e i n S . r h o m b i f o l i a w a s d o u b l e t h e 
a m o u n t i n C . s o p h e r a a n d t h a t t h e p i t h w a s a l i t t l e m o r e t h a n 5 0 . 0 0 % 
r e v e a l s t h a t S^. r h o m b i f o l i a i s c o m p a r a t i v e l y m o r e h a r d y s p e c i e s t h a n 
C . s o p h e r a . A g a i n d u r i n g t h e f l o w e r i n g s t a g e o f C . s o p h e r a a t t h e 
r e f e r e n c e s i t e , t h e a m o u n t o f v a s c u l a r t i s s u e s t o o k a q u a n t u m j u m p 
f r o m 2 6 . 0 5 % d u r i n g t h e p r e - f l o w e r i n g s t a g e t o 9 1 . 7 0 % d u r i n g t h e 
f l o w e r i n g , a n d s u b s e q u e n t l y i t m a i n t a i n e d i t s p r o p o r t i o n d u r i n g t h e 
p o s t - f l o w e r i n g s t a g e . O n t h e c o n t r a r y , i n r h o m b i f o l i a t h e r e w a s 
a m a r g i n a l i n c r e a s e i n t h e a m o u n t o f v a s c u l a r t i s s u e s f r o m a n i n i t i a l 
5 4 . 4 0 % d u r i n g t h e p r e - f l o w e r i n g s t a g e t o 6 3 . 7 0 % d u r i n g t h e f l o w e r i n g 
s t a g e . H o w e v e r , f u r t h e r i n c r e a s e w a s s h a r p ( 8 9 . 4 0 % d u r i n g 
p o s t - f l o w e r i n g s t a g e ) a n d t h e c o r r e s p o n d i n g v a l u e o f p i t h s h o w e d a 
s t e e p d e c l i n e f r o m 3 0 . 8 0 % d u r i n g t h e f l o w e r i n g t o 9 . 0 0 % a t t h e p o s t -
f l o w e r i n g s t a g e . 
I n C . s o p h e r a , a t t h e f i r s t t w o e x p e r i m e n t a l s i t e s t h e r e 
w a s a m a r g i n a l i n c r e a s e i n t h e a m o u n t o f v a s c u l a t u r e i n t h e 
p r e - f l o w e r i n g s t a g e a n d a t 6 k m d i s t a n c e t h e r e i s a l o s s i n t h e 
a m o u n t o f v a s c u l a t u r e ( 9 . 6 0 % ) . H o w e v e r , t h e l o s s i n c u r r e d a t 6 k m 
s i t e w a s s u b s t a n t i a l l y r e c o u p e d a t t h e s u b s e q u e n t s i t e s . T h e t r e n d 
o b s e r v e d d u r i n g t h e p r e - f l o w e r i n g s t a g e w a s m o r e o r l e s s s i m i l a r w i t h 
t h e e x c e p t i o n t h a t a t 1 / 2 k m d i s t a n c e , t h e v a s c u l a t u r e w a s i n c r e a s e d 
b y 1 , 8 4 % t h o u g h a t a l l o t h e r s i t e s a m o d e r a t e r e d u c t i o n w a s o b s e r v e d , 
t h e m a x i m u m b e i n g - 1 3 . 8 6 % a t 6 k m d i s t a n c e . 
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T h e t r e n d o b s e r v e d d u r i n g t h e p r e - f l o w e r i n g s t a g e w a s 
a l s o r e f l e c t e d d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s i n b o t h 
s p e c i e s . O n t h e w h o l e , t h e v a s c u l a r t i s s u e s i n b o t h t h e s p e c i e s 
s h o w e d a p o s i t i v e p e r c e n t v a r i a t i o n a t a l l t h e e x p e r i m e n t a l 
s i t e s . 
ROOT ANATOMY : 
R o o t a n a t o m y o f C . s o p h e r a a n d S^. r h o m b i f o U a w a s a l s o 
w o r k e d o u t t o e v a l u a t e t h e i m p a c t o f p o l l u t i o n l o a d . T h e p a r a m e t e r s 
c h o s e n w e r e t h e s a m e . 
Fibre Length : T h e d a t a o n f i b r e ' l e n g t h a r e p r e s e n t e d i n T a b l e s 4 3 
a n d 4 7 r e v e a l d i f f e r e n t p a t t e r n s o f t h e a v e r a g e f i b r e l e n g t h i n t h e 
t w o s p e c i e s a t t h e r e f e r e n c e s i t e , C . s o p h e r a s h o w i n g a n i n c r e a s i n g 
t r e n d a n d S^. r h o m b i f o l i a a d e c r e a s i n g t r e n d i n r e l a t i o n t o a g e o f t h e 
p l a n t . I n C . s o p h e r a , t h e r e i s a n i n c r e a s e o f 7 . 7 3 % d u r i n g t h e 
f l o w e r i n g s t a g e o v e r t h e f i b r e l e n g t h ( 4 7 3 . 8 1 > j m ) d u r i n g t h e 
p r e - f l o w e r i n g s t a g e a n d s t i l l f u r t h e r , a n i n c r e a s e o f 8 . 7 4 ' f e d u r i n g t h e 
p o s t - f l o w e r i n g s t a g e o v e r t h e f l o w e r i n g ( 5 1 0 . 4 6 ; j r a ) s t a g e . O n t h e 
c o n t r a r y , i n S . r h o m b i f o l i a t h e a v e r a g e f i b r e l e n g t h w a s 1 0 7 2 . 9 0 > i m 
a t t h e p r e - f l o w e r i n g s t a g e w h i c h g o t r e d u c e d b y 3 9 . 2 5 % i n t h e 
f l D \ i f e r i n g s t a g e a n d f u r t h e r b y 1 5 . 5 9 % i n t h e p o s t - f l o w e r i n g s t a g e s . 
A m o r e o r l e s s s i m i l a r t r e n d f i g u r e d w i t h r e f e r e n c e t o t h e i n c r e a s i n g 
d i s t a n c e f r o m p o l l u t i o n s o u r c e . D u r i n g t h e p r e - f l o w e r i n g s t a g e t h e 
m i n i m u m f i b r e l e n g t h o b s e r v e d w a s 3 8 6 . 1 8 ; a m a t s i t e C ( 6 k m ) , w h i l e 
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t h e m a x i m u m w a s ' 4 6 4 . 4 4 ) a m a t s i t e A , i n d i c a t i n g t h e r e b y a h i g h l y 
s i g n i f i c a n t v a r i a t i o n ( 1 8 . 5 0 % ) a n d a n o n - s i g n i f i c a n t o n e ( 1 . 9 8 % ) 
r e s p e c t i v e l y . 
D u r i n g t h e f l o \ w e r i n g a n d p o s t - f l o w e r i n g s t a g e s i n C . 
s o p h e r a t h e l o s s w a s r e d u c e d ( 9 . 6 0 % ) a t s i t e C a n d t h e n i n c r e a s e d 
s h a r p l y ( 2 3 . 7 7 % ) a t s i t e C . I n t h e p o s t - f l o w e r i n g s t a g e , t h e i n c r e a s e 
i n t h e p e r c e n t l o s s w a s g r e a t e r t h a n i n t h e f l o w e r i n g a n d 
p r e - f l o w e r i n g s t a g e s . S i m i l a r l y i n S . r h o m b i f o l i a , t h e t r e n d a t t h e 
c o r r e s p o n d i n g s i t e i s s i m i l a r b u t t h e i n c r e a s e i n l o s s o b s e r v e d a t t h e 
p o s t - f l o w e r i n g s t a g e i s m o r e t h a n w h a t w a s e n c o u n t e r e d a t t h e 
f l o w e r i n g s t a g e . 
S i z e o f v e s s e l e l e m e n t s : T h e o b s e r v a t i o n s o n v e s s e l e l e m e n t 
d i m e n s i o n s ( l e n g t h a n d w i d t h r e s p e c t i v e l y ) o f C . s o p h e r a a n d S . 
r h o m b i f o l i a a r e p r e s e n t e d i n T a b l e s 4 8 a n d 4 9 , 5 0 - 5 1 . A c u r s o r y 
g l a n c e o v e r t h e d a t a o n v e s s e l e l e m e n t l e n g t h r e v e a l s t h a t a t t h e 
r e f e r e n c e s i t e ( S i t e E ) , t h e r e i s a s y s t e m a t i c d e c r e a s e d u r i n g t h e p r e -
f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s i n s h a r p c o n t r a s t t o 
f i b r e l e n g t h w h i c h s h o w e d a n i n c r e a s i n g t r e n d d u r i n g t h e 
c o r r e s p o n d i n g s t a g e s o f p l a n t g r o w t h i n C . s o p h e r a . I n S . 
r h o m b i f o l i a , h o w e v e r , t h e v e s s e l l e n g t h s h o w e d a t r e n d s i m i l a r t o 
t h a t o f f i b r e l e n g t h . 
T h e d a t a o n t h e l e n g t h o f v e s s e l e l e m e n t s ( T a b l e 4 8 ) s h o w 
t h a t t h e r e s p o n s e o f v e s s e l e l e m e n t s t o p o l l u t i o n l o a d d u r i n g t h e t h r e e 
d e v e l o p m e n t a l s t a g e s a t a l l t h e e x p e r i m e n t a l s i t e s i s a l m o s t s i m i l a r 
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t o t h a t a t t h e r e f e r e n c e s i t e . W h i l e t h e v e s s e l l e n g t h a t t h e 
r e f e r e n c e s i t e d u r i n g t h e p r e - f l o w e r i n g s t a g e i s 1 4 9 . 6 0 u r n , t h e 
c o r r e s p o n d i n g v a l u e s a t 1 / 2 k m a n d 6 k m d i s t a n c e s , a r e 1 4 8 . 9 4 u r n 
a n d 1 3 3 . 9 4 u r n r e s p e c t i v e l y . S . r h o m b i f o l i a ( T a b l e 4 9 ) i n t h e p r e -
f l o w e r i n g s t a g e s h o w e d s i m i l a r r e s p o n s e s w i t h a s p e c i f i c d i f f e r e n c e 
t h a t t h e e l e m e n t s w e r e l o n g e r ( 1 9 4 . 9 2 ;Lim) t h a n i n C . s o p h e r a 
( 1 4 9 . 6 0 ; i m ) . F u r t h e r , t h e r e d u c t i o n i n S . r h o m b i f o l i a w a s h i g h l y 
s i g n i f i c a n t a t s i t e s B , C a n d D , o f c o u r s e w i t h v a r y i n g e x t e n t . T h e 
m a x i m u m l o s s ( 1 9 . 6 6 % ) w a s a t s i t e C , w h i l e t h e m i n i m u m ( 4 . 7 9 % ) a t 
s i t e A . 
D u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s , t h e t r e n d 
o f t h e m i n i m u m a n d m a x i m u m l o s s e s w e r e s i m i l a r i n b o t h s p e c i e s w i t h 
a s l i g h t v a r i a t i o n . 
T h e d a t a o n t h e w i d t h o f v e s s e l e l e m e n t s ( T a b l e s 5 0 a n d 
5 1 ) s h o w t h a t i n b o t h s p e c i e s , a t s i t e E , t h e r e w a s a s y s t e m a t i c 
i n c r e a s e w i t h r e f e r e n c e t o p l a n t a g e ( p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t -
f l o w e r i n g s t a g e s r e s p e c t i v e l y ) . I n C . s o p h e r a , v e s s e l w i d t h i n c r e a s e 
w a s t o t h e t u n e o f 2 7 . 6 2 % f r o m t h e p r e - f l o w e r i n g t o f l o w e r i n g s t a g e 
a n d 2 4 . 2 1 % f r o m t h e f l o w e r i n g t o p o s t - f l o w e r i n g s t a g e i n d i c a t i n g 
t h e r e b y a n e a r l y u n i f o r m i n c r e a s e f r o m o n e s t a g e t o a n o t h e r , w h e r e a s 
i n S . r h o m b i f o l i a , t h e r e w a s a v e r y f a s t i n c r e a s e o f 4 1 . 0 9 % f r o m t h e 
dnft 
p r e - f l o w e r i n g t o f l o w e r i n g s t a g e j a v e r y s m a l l i n c r e a s e ( 2 . 0 5 % ) f r o m 
t h e f l o w e r i n g t o p o s t - f l o w e r i n g s t a g e . 
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T h e r e s p o n s e o f w i d t h o f t h e v e s s e l e l e m e n t s t o p o l l u t i o n 
l o a d d u r i n g t h e t h r e e d e v e l o p m e n t s t a g e s w a s s i m i l a r i n b o t h t h e 
s p e c i e s i n t h a t a t s i t e A ( 1 / 2 k m ) t h e p e r c e n t v a r i a t i o n w a s 
n o n - s i g n i f i c a n t , w h i l e a t s u b s e q u e n t s i t e s i t w a s s t a t i s t i c a l l y 
s i g n i f i c a n t t o v e r y s i g n i f i c a n t . 
T h e m a x i m u m l o s s e s i n v e s s e l w i d t h e n c o u n t e r e d d u r i n g 
t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s o f C . s o p h e r a 
w e r e 2 9 . 0 9 % , 2 0 . 8 1 % a n d 2 8 . 0 0 % r e s p e c t i v e l y a t 6 k m d i s t a n c e , 
w h e r e a s t h e c o r r e s p o n d i n g l o s s e s i n S^. r h o m b i f o U a w e r e 3 3 . 3 0 % , 3 9 . 7 3 % 
a n d 1 8 . 8 0 % , r e s p e c t i v e l y . F u r t h e r m o r e , i n C . s o p h e r a , t h e p e r c e n t 
l o s s d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s w a s s i g n i f i c a n t a t 
6 k m a n d 1 2 k m d i s t a n c e o n l y , w h i l e i n S . r h o m b i f o U a i t w a s 
s i g n i f i c a n t a t a l l t h e d i s t a n c e s d u r i n g t h e f l o w e r i n g s t a g e . D u r i n g 
t h e p o s t - f l o w e r i n g s t a g e t h e s i g n i f i c a n t l o s s w a s a t 2 k m a n d f u r t h e r 
b e y o n d . 
V e s s e l F r e q u e n c y : T h e d a t a o n v e s s e l n u m b e r p e r u n i t a r e a i n C . 
s o p h e r a a n d S . r h o m b i f o U a a r e d e p i c t e d i n F i g s . 3 2 a n d 3 3 
r e s p e c t i v e l y . T h e v e s s e l f r e q u e n c y a t 1 6 k m d i s t a n c e i n C . s o p h e r a 
w i t h r e f e r e n c e t o t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g 
s t a g e s w a s 9 2 . 0 0 , 5 6 . 5 5 a n d 4 8 . 3 5 r e s p e c t i v e l y , w h i l e i n S . 
r h o m b i f o U a t h e c o r r e s p o n d i n g v a l u e s w e r e 1 4 5 . 0 0 , 1 3 0 . 5 5 a n d 1 0 5 . 6 7 , 
r e s p e c t i v e l y , o b v i o u s l y i n d i c a t i n g a g r e a t e r f r e q u e n c y i n S . 
r h o m b i f o l i a t h a n i n C . s o p h e r a . 
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A s t o t h e p e r c e n t v a r i a t i o n , t h e m i n i m u m a n d m a x i m u m 
v a l u e s d u r i n g t h e p r e - f l o w e r i n g s t a g e o f C . s o p h e r a a t 1 / 2 k m a n d 
6 k m d i s t a n c e f r o m p o l l u t i o n s o u r c e w a s - 1 . 6 3 a n d - 1 0 . 1 4 
r e s p e c t i v e l y . I n r h o m b i f o l i a t h e c o r r e s p o n d i n g l o s s w a s + 1 . 8 4 a n d 
1 3 . 2 5 . D u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s t h e t r e n d i n 
b o t h t h e s p e c i e s w a s s i m i l a r t o t h a t i n t h e p r e - f l o w e r i n g s t a g e , 
h o w e v e r , i n S . r h o m b i f o U a t h e p e r c e n t r e d u c t i o n w a s m o r e d u r i n g 
t h e f l o w e r i n g ( - 2 3 . 8 7 ) a n d p o s t - f l o w e r i n g ( - 2 1 . 0 0 ) s t a g e s c o m p a r e d 
t o t h a t i n C . s o p h e r a . 
Relative proportion of Cortex, Vascular tissue and Pith : B e s i d e s 
p r o v i d i n g e n c h o r a g e t o t h e p l a n t , t h e r o o t s y s t e m , b e i n g i n p r o x i m i t y 
t o w a t e r a n d o t h e r m i n i r a l s , p l a y s a n i m p o r t a n t r o l e i n t h e i n i t i a l 
u p t a k e o f w a t e r a n d m i n e r a l s t o t h e s h o o t s y s t e m . G i v e n t h i s , i t 
w a s t h o u g h t g e r m a n e t o e v a l u a t e t h e e f f e c t o f p o l l u t i o n l o a d o n t h e 
a m o u n t o f c o r t e x , v a s c u l a r t i s s u e s a n d p i t h i n t h e r o o t s o f b o t h t h e 
s p e c i e s . 
I n C . s o p h e r a ( F i g . 3 4 ) , d u r i n g t h e p r e - f l o w e r i n g s t a g e , 
t h e a m o u n t s o f v a s c u l a r t i s s u e s p i t h a n d c o r t e x w e r e 9 6 . 9 8 % , 2 . 5 3 % 
a n d 0 . 5 % , r e s p e c t i v e l y . W h e n s u b j e c t e d t o t h e v a r y i n g p o l l u t i o n 
l o a d s , e v e n a t s i t e A i t s h o w e d a w e l l d e v e l o p e d v a l c u l a t u r e ( 9 9 . 4 5 % ) 
w i t h a p o o r c o r t e x ( 0 . 5 5 % ) a n d v i r t u a l l y n o p i t h . H o w e v e r , t h e 
p l a n t s g r o w ^ ^ a t 2 k m a n d b e y o n d s h o w e d s m a l l a m o u n t s o f p i t h 
( 4 . 7 6 % ) a n d c o r t e x ( 0 . 5 7 % ) , t h e v a r i a t i o n b e i n g 8 2 . 0 8 p e r c e n t a n d 
1 9 . 2 5 p e r c e n t r e s p e c t i v e l y . T h i s t r e n d c o n t i n u e d f u r t h e r ; a t 6 k m 
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d i s t a n c e t h e l o s s i n t h e a m o u n t o f v a s c u l a t u r e w a s t o t h e t u n e o f 
4 . 7 6 % , t h e m a x i m u m l o s s b e i n g e x p e r i e n c e d d u r i n g t h e p r e - f l o w e r i n g 
s t a g e . O n t h e o t h e r h a n d ( F i g . 3 5 ) , i n y o u n g p l a n t s o f S . 
r h o m b i f o l i a , t h e t r e n d b e i n g m o r e o r l e s s s a m e , t h e m a x i m u m l o s s 
i n - t h e a m o u n t o f v a s c u l a r t i s s u e s w e n t a s h i g h a s 7 . 5 3 % a n d t h e 
i n c r e a s e i n t h e c o r t e x a n d p i t h w a s 1 9 3 . 4 6 % a n d 2 2 7 . 5 8 % r e s p e c t i v e l y . 
D u r i n g t h e f l o w e r i n g s t a g e , t h e g a i n i n t h e v a s c u l a r t i s s u e s i n C . 
s o p h e r a a t t h e 6 k m d i s t a n c e ( s i t e C ) w a s a m e r e 0 . 0 9 % , w h e r e a s 
t h e c o r t e x l o s s w a s 7 . 4 1 % . I n c i d e n t l y , t h e r e w a s n o t r a c e o f p i t h . 
S t i l l f u r t h e r , d u r i n g t h e p o s t - f l o w e r i n g s t a g e t h e c o r r e s p o n d i n g v a l u e s 
b e c o m e 0 . 0 5 % a n d 2 0 . 0 0 % r e s p e c t i v e l y . I n S . r h o m b i f o l i a , o n t h e 
o t h e r h a n d , w h i l e t h e r e w a s a n i n c r e a s e i n t h e v a s c u l a r t i s s u e 
( 0 . 2 6 % ) a n d a d e c r e a s e i n t h e c o r t e x ( 2 0 . 6 3 % ) i n t h e f l o w e r i n g s t a g e , 
a s m a l l d e c r e a s e i n t h e v a s c u l a r t i s s u e ( 1 . 3 7 % ) a n d a v e r y h i g h 
i n c r e a s e ( 1 0 9 . 6 8 % ) i n t h e c o r t e x w e r e o b s e r v e d d u r i n g t h e 
p o s t - f l o w e r i n g s t a g e . 
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T a b l e 4 0 : F i b r e l e n g t h v a r i a t i o n i n t h e s t e m o f C a s s i a s o p h e r a L . 
( M e a n ± S . D . i n u r n ) p e r c e n t v a r i a t i o n g i v e n i n t h e p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - ' f l o w e r i n g F l o w e r i n g 
r 
5 4 2 . 1 2 ± 4 8 . 5 0 
(-08.18 ) 
P o s t - f l o w e r i n g 
!s k m 
4 8 4 . 1 4 ± 4 6 . 6 6 
( - 0 7 . 4 5 ) 
4 8 7 . 1 4 ± 4 1 . 9 2 
ftiK 
( - 1 5 . 5 4 ) 
2 k m 
4 6 7 . 1 5 ± 4 0 . 5 0 
( - 1 0 . 7 0 ) 
4 2 1 . 8 3 ± 4 1 . 9 2 
( - 2 8 . 5 6 ) 
5 1 2 . 8 0 ± 4 8 . 7 5 
( 1 1 . 0 9 ) 
6 k m 
4 1 3 . 5 0 ± 4 1 . 5 7 
( - 2 0 . 9 6 ) 
4 1 1 . 1 7 ± 5 1 . 1 0 
( - 3 0 . 3 6 ) 
4 1 8 . 5 0 ± 5 4 . 1 3 
( - 2 7 . 4 4 ) 
1 2 k m 
5 2 0 . 4 6 ± 5 6 . 1 4 
( - 0 0 . 5 1 ^ ^ ) 
5 5 3 . 7 8 ± 6 1 . 6 6 
(-06.21 ) 
5 7 2 . 1 0 ± 4 9 . 1 0 
( - 0 0 . 8 1 ^ ^ ) 
1 6 k m 5 2 3 . 1 2 ± 5 0 . 4 8 5 9 0 . 4 3 ± 5 9 . 7 2 5 7 6 . 7 7 ± 5 3 . 6 0 
L . S . D . a t n l e v e l 4 5 . 0 6 3 2 . 9 3 3 3 . 6 4 
L . S = D . a t 5 % l e v e l 3 4 . 3 2 2 5 . 0 8 2 5 . 6 2 
»!"!' >» MC 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5 % l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 4 1 : F i b r e l e n g t h v a r i a t i o n i n t h e s t e m o f S i d a r h o m b i f o l l a . L . 
( M e a n t S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
ii k m 
7 9 1 . 0 2 ± 7 5 . 2 6 
( - 6 . 6 4 ^ ® ) 
5 8 1 . 1 0 ± 7 3 . 4 7 
( - 0 . 5 7 ^ ® ) 
6 4 6 . 0 7 ± 8 2 . 4 7 
( - 7 . 8 8 ) 
2 k m 
7 5 4 . 0 3 ± 8 5 . 9 0 
(-11.01 ) 
5 6 0 . 0 8 ± 7 2 . 7 4 
( - 4 . 1 6 ^ ® ) 
6 5 9 . 0 7 ± 7 0 . 6 2 
( - 6 . 0 3 ) 
6 k m 
6 9 1 . 0 2 + 7 5 . 2 6 
( - 1 8 . 4 5 ) 
5 3 4 . 4 5 ± 7 0 . 9 0 
( - 8 . 5 5 ) 
6 3 5 . 4 1 ± 6 8 . 7 4 
mm 
( - 9 . 4 0 ) 
1 2 k m 
7 1 4 . 0 5 ± 9 2 . 3 0 
mm 
( - 1 5 . 7 3 ) 
5 4 7 . 4 5 ± 5 5 . 6 4 
( - 6 . 3 3 ^ ^ 
6 5 0 . 4 0 ± 6 4 . 3 6 
( - 7 . 2 6 ) 
1 6 k m 8 4 7 . 3 3 + 9 5 . 2 5 5 8 4 . 4 3 ± 7 3 . 0 0 7 0 1 . 3 8 ± 8 2 . 1 2 
L . S . D . a t 1% l e v e l 8 9 . 2 7 3 7 . 4 2 3 9 . 5 4 
3 0 . 1 1 L . S . D . a t 5% l e v e l 68.00 2 8 . 5 0 
* N S 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5% l e v e l , N o n s i g n i f i c a n t . 
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Table 42: V a r i a t i o n i n l e n g t h o f v e s s e l e l e m e n t s i n t h e s t e m o f 
C a s s i a s o p h e r a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n 
i n t h e p a r e n t h e s e s . 
D i s t a n c e f r o m P l a n t D e v e l o p m e n t S t a g e s 
p o l l u t i o n s o u r c e - ^ e - f l o w e r i n g f W ^ K i P o s t - f l o w e r i n g 
k m 
211.58±26.18 
(+07.81^^) 
204.58±36.82 
(+36.14 ) 
184.60±27.93 
( - 6 . 2 6 ^ ^ ) 
2 k m 
200.92±36.63 
( + 2 . 3 8 ^ ^ ) 
192.78±24.71 
( + 2 8 . 3 0 * ' ^ 
152.27±28.70 
(-22.67 ) 
6 k m 
200.42±41.30 
( + 2 . 1 2 " ^ ^ ) 
160.45±28.71 
(+06.77 
144.60±22.88 
(-26.57 ) 
1 2 k m 
205.27±31.52 
(+04.60^^) 
167.60±31.75 
M S (+11.53 
174.60±21.93 
(-11.34 ) 
1 6 k m 196.25±29.96 150.27+25.35 195.92±35.18 
L . S . D . a t 1 % 
l e v e l 
27.77 25.25 25.51 
L . S . D . a t 51i 
l e v e l 
21.15 19.22 19.43 
* * * M S S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5% l e v e l , N o n s i g n i f i c a n t . 
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Table 43: V a r i a t i o n i n l e n g t h o f t h e v e s s e l e l e m e n t s i n t h e s t e m o f 
S i d a r h o m b i f o l i a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n 
i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
k k m 
2 9 5 . 5 5 ± 4 5 . 9 2 
* * 
( + 2 7 . 4 4 ) 
2 0 6 . 5 8 ± 4 2 . 5 8 
( + 4 0 . 5 9 ) 
2 6 4 . 9 0 ± 4 8 . 8 1 
( + 3 3 . 8 4 ) 
2 k m 
2 5 7 . 2 3 ± 5 0 . 5 4 
( + 1 0 . 9 2 ^ ^ ) 
2 0 1 . 2 5 ± 3 5 . 4 0 
* * 
( + 3 6 . 9 6 ) 
2 2 7 . 9 0 ± 4 0 . 3 1 
( + 1 5 . 1 5 * ) 
6 k m 
2 3 7 . 9 0 ± 4 0 , 5 6 
( + 0 2 . 5 9 
1 5 0 . 2 7 ± 2 0 . 0 3 
( + 0 2 . 2 7 ^ ® ) 
2 1 4 . 5 8 ± 3 6 . 5 0 
( + 0 8 . 9 2 " ^ ^ ) 
1 2 k m 
2 4 5 . 9 1 ± 4 0 . 6 7 
( + 0 6 . 0 4 ^ ^ ) 
1 7 5 . 6 2 ± 3 8 . 0 5 
* * 
( 1 9 . 4 7 ) 
2 3 0 . 6 0 ± 3 5 . 2 1 
( 1 6 . 4 6 ) 
1 6 k m 2 3 1 . 9 0 ± 3 9 . 5 4 1 4 7 . 0 0 ± 2 8 . 3 3 1 9 8 . 0 Q ± 3 5 . 2 4 
L . S . D . a t 1% 
l e v e l 
3 5 . 4 4 2 2 . 0 8 3 0 . 9 6 
L . S . D . a t 5 % 
l e v e l 
2 6 . 9 9 1 6 . 8 2 2 3 . 5 8 
" " ^ S i g n i f i c a n t a t 1 % 
* 
l e v e l , S i g n i f i c a n t N S a t 5 % l e v e l , N o n s i g n i f i c a n t . 
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Table 44: V a r i a t i o n i n t h e v e s s e l w i d t h i n t h e s t e m o f 
C a s s i a s o p h e r a L . ( M e a n t S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n p r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
ii k m 
5 1 . 0 0 ± 1 2 . 7 4 
( + 0 6 . 6 7 ^ ^ ) 
7 1 . 1 4 1 1 3 . 6 0 
( ± 0 0 . 0 0 ^ ® ) 
8 3 . 9 6 ± 9 . 3 5 
( 0 1 . 1 8 ^ ^ ) 
2 k m 
4 2 . 6 5 ± 1 2 . 5 4 
(-10.80 ) 
6 8 . 3 0 ± 1 2 . 0 1 
( - 0 3 . 9 8 ' ^ ^ ) 
7 2 . 7 4 ± 1 5 . 8 0 
( - 1 4 . 5 1 ) 
6 k m 
3 5 . 8 2 ± 7 . 9 3 
( - 2 5 . 0 9 ) 
6 0 . 3 1 ± 1 0 . 7 1 
( - 1 5 . 2 2 ) 
6 3 . 8 0 ± 0 9 . 6 1 
( - 2 4 . 9 0 ) 
1 2 k m 
3 8 . 0 0 ± 6 . 1 0 
( - 2 0 . 5 6 ' * " ' ) 
6 9 . 1 4 ± 1 1 . 8 1 
( - 0 2 . 8 1 ^ ® ) 
7 1 . 6 4 ± 1 1 . 7 8 
)!>>ii 
( - 1 5 . 6 9 ) 
1 6 k m 4 7 . 8 1 ± 1 0 . 2 1 7 1 . 1 4 1 1 5 . 0 8 8 4 . 9 6 1 1 5 . 1 5 
L . S . D . a t 5 % 
l e v e l 
6 . 6 5 6 . 5 4 6 . 7 3 
L . S . D . a t 5 % 
l e v e l 
5 . 0 6 4 . 9 8 5 . 1 3 
St M C 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5% l e v e l , N o n s i g n i f i c a n t , 
Table 45: V a r i a t i o n i n w i d t h o f t h e v e s s e l e l e m e n t s i n t h e s t e m o f 
S . r h o m b i f o l i a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
k m 
3 1 . 1 5 ± 8 . 0 3 
( ± 0 . 0 0 * ^ ^ ) 
4 1 . 3 2 ± 7 . 7 0 
( + 5 . 0 8 ^ ^ ) 
4 1 . 3 2 ± 6 . 5 1 
NS ( + 2 . 4 8 ) 
2 k m 
3 4 . 8 2 ± 8 . 4 6 
( + 1 1 . 7 8 ) 
4 3 . 3 1 ± 6 . 9 5 ^ 
( + 1 0 . 1 4 * ) 
4 5 . 0 0 ± 6 . 3 0 
( + 1 1 . 5 7 ) 
6 k m 
3 9 . 8 2 ± 7 . 4 0 
( + 2 7 . 8 1 ) 
4 9 . 4 8 ± 1 2 . 0 6 
( + 2 5 . 8 5 ) 
5 2 . 1 5 ± 1 3 . 3 4 
( + 2 9 . 3 4 ) 
1 2 k m 
3 6 . 1 6 ± 5 . 0 0 
(+16.08 ) 
4 1 . 0 0 ± 6 . 4 3 
( + 4 . 2 7 ^ ^ ^ ) 
4 3 . 4 8 ± 6 . 1 3 
( + 7 . 8 5 ) 
1 6 k m 3 1 . 1 5 ± 6 . 0 3 3 9 . 3 2 ± 9 . 9 6 4 0 . 3 2 + 7 . 9 6 
U . S . J . a t H i 
l e v e l 
3 . 5 6 4 . 7 0 4.25 
L . 3 . 0 . a t 5 % 
l e v e l 
2 , 7 1 3 . 5 8 3 . 2 4 
* M O 
S i g n i f i c a n t a t U l e v e l , S i g n i f i c a n t a t S t l e v e l , N o n s i g n i f i c a n t . 
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T a b l e 4 6 : V a r i a t i o n o f f i b r e l e n g t h i n t h e r o o t o f C a s s i a s o p h e r a L . 
( M e a n + S . D . i n u r n ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
k k m 4 6 4 . 4 4 ± 3 8 . 6 2 
( - 1 . 9 8 ^ ^ ) 
5 0 3 . 4 6 ± 6 9 . 3 2 
NS ( - 1 . 3 7 ) 
5 5 0 . 4 5 ± 9 0 . 0 6 
( - 0 . 8 4 ' ^ ^ ) 
2 k m 
4 2 4 . 5 0 ± 4 1 . 6 5 
( - 1 0 . 4 1 ) 
4 8 7 . 4 7 ± 6 5 . 9 4 
NS 
5 2 0 . 4 5 ± 4 5 . 0 0 
(HsH 
( - 6 . 2 4 ) 
6 k m 
3 8 6 . 1 8 + 5 6 . 6 0 
( - 1 8 . 5 0 ) 
4 6 1 . 4 4 ± 6 0 . 5 0 
( - 9 . 6 0 ) 
4 2 3 . 1 6 ± 5 8 . 0 1 
( - 2 3 . 7 7 ) 
1 2 k m 
4 0 7 . 8 4 ± 4 7 . 1 7 
( - 1 3 . 9 2 ) 
4 8 5 . 5 0 + 6 2 . 0 4 
NS ( - 4 . 8 8 ^ ^ ) 
4 9 1 . 1 4 ± 5 5 . 8 4 
( - 1 1 . 5 2 ) 
1 6 k m 4 7 3 . 8 1 ± 5 0 . 1 6 5 1 0 . 4 6 ± 7 3 . 6 5 5 5 5 . 1 1 ± 4 8 . 2 5 
L . S . D . a t 
l e v e l 
3 7 . 9 7 3 3 . 6 3 3 2 . 7 0 
L . S . D . a t 5% 
l e v e l 
2 8 . 9 2 2 5 . 6 1 2 4 . 9 0 
* M C 
S i g n i f i c a n t a t 1% l e v e l , S i g n i f i c a n t a t 5 % l e v e l , N o n s i g n i f i c a n t . 
Table 47: V a r i a t i o n o f f i b r e l e n g t h i n t h e r o o t o f S i d a r h o m b i f o l i a L. 
( , v l e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n g i v e n i n p a r e n t h e s e s . 
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D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
i j k m 
1 0 7 3 . 9 0 ± 2 1 1 . 1 1 
( + 0 . 0 9 ^ ^ ) 
6 4 3 . 0 8 ± 6 1 . 9 7 
( - 1 . 3 3 ' ^ ^ ) 
5 7 8 . 1 0 + 8 9 . 3 1 
( + 5 . 0 9 ^ ^ ) 
2 k m 
9 7 0 . 9 4 ± 2 3 8 . 1 9 
( - 9 . 5 0 ) 
6 0 7 . 7 5 ± 6 1 . 0 7 
( - 6 . 7 5 ) 
5 0 5 . 8 0 ± 7 4 . 0 4 
(-8.06 ) 
6 k m 
6 7 7 . 0 6 ± 1 2 1 . 0 7 
( - 3 6 . 8 9 ' * * ) 
5 5 0 . 7 8 1 6 6 . 7 6 
( - 1 5 . 4 9 ) 
4 3 5 . 0 8 ± 4 3 . 2 7 
( - 2 0 . 9 1 ) 
1 2 k m 
7 0 1 . 3 8 ± 1 2 5 . 3 2 
( - 3 4 . 6 3 ) 
5 8 9 . 4 0 ± 6 8 . 2 4 
( - 9 . 5 6 ) 
4 9 6 . 8 0 ± 6 7 . 2 9 
( - 9 . 6 9 ) 
1 6 k m 1 0 7 2 . 9 0 ± 1 7 8 . 7 1 6 5 1 . 7 4 ± 7 0 . 6 5 5 5 0 . 1 1 ± 6 8 . 1 1 
L . S . D . a t 1% 
l e v e l 
9 3 . 2 7 3 5 . 4 4 4 4 . 0 7 
L . S . D . a t 
l e v e l 
7 1 . 0 3 2 7 . 0 0 3 3 . 5 6 
>!< M Q 
S i g n i f i c a n t a t 1% l e v e l , S i g n i f i c a n t a t 5 % l e v e l , N o n s i g n i f i c a n t . 
Table 48: V a r i a t i o n i n l e n g t h o f v e s s e l e l e m e n t s i n t h e r o o t o f 
C a s s i a s o p h e r a L . ( M e a n t S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n p a r e n t h e s e s . 
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D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
h k m 1 4 8 . 9 4 ± 3 7 . 2 0 
(-0.44^^3 
1 3 8 . 6 0 ± 4 3 . 7 8 1 3 0 . 2 6 ± 3 5 . 9 8 
( - 0 . 2 5 ^ ^ ) ( - 3 . 0 0 ' ^ ® ) 
2 k m 
6 k m 
1 2 k m 
1 4 0 . 9 4 ± 2 6 . 1 2 
( - 5 . 7 9 ^ ^ ) 
1 3 3 . 9 4 ± 3 4 . 2 5 
( - 1 0 . 4 7 * ) 
1 3 8 . 6 0 ± 3 5 . 8 8 
( - 7 . 3 5 ^ ^ ) 
1 3 0 . 7 8 ± 3 9 . 8 0 
( - 5 . 8 7 ^ ^ ) 
1 1 6 . 9 5 ± 3 8 . 0 0 
( - 1 5 , 8 3 ) 
1 2 0 . 6 2 ± 3 7 . 7 2 
( - 1 3 . 1 9 ) 
1 1 9 . 6 1 ± 3 4 . 8 0 
( - 1 0 . 9 4 * ) 
1 0 5 . 9 6 ± 3 0 . 2 5 
( - 2 1 . 0 9 ) 
1 2 6 . 6 2 ± 3 8 . 8 0 
( - 5 . 7 0 ^ ^ ) 
1 6 k m 1 4 9 . 6 0 ± 3 6 . 6 3 1 3 8 . 9 4 ± 4 1 . 5 8 1 3 4 . 2 8 ± 3 6 . 5 0 
L . S . D . a t 1 % 1 7 . 5 3 2 0 . 9 1 1 9 . 0 9 
l e v e l 
L . S . D . a t 1 3 . 3 5 1 5 . 9 2 1 4 . 5 4 
l e v e l 
S i g n i f i c a n t a t 1 % l e v e l , 
* 
S i g n i f i c a n t a t 5 % N S l e v e l , N o n s i g n i f i c a n t . 
T a b l e 4 9 : V a r i a t i o n i n t h e l e n g t h o f v e s s e l e l e m e n t s i n t h e r o o t o f 
S i d a r h o m b i f o l i a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n t h e p a r e n t h e s e s . 
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D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
>5 k m 
1 8 5 . 6 0 ± 2 3 . 7 4 
( - 0 4 . 7 9 ' ^ ® ) 
1 7 3 . 2 6 ± 3 6 . 6 3 
( + 0 0 . 1 5 ^ ^ ) 
1 5 5 . 2 7 ± 3 6 . 6 3 
( - 0 2 . 6 1 ' ^ ^ ) 
2 k m 
1 7 2 . 9 3 ± 2 6 . 8 5 
( - 1 1 . 2 8 * * ) 
1 5 1 . 6 0 ± 3 0 . 5 6 
( - 1 2 . 3 6 ) 
1 4 9 . 2 7 ± 1 9 . 5 3 
( - 0 6 . 3 7 ^ ^ ) 
• 6 k m 
1 5 6 . 6 0 ± 3 5 . 7 8 
jJcjJ: 
( - 1 9 . 6 6 ) 
1 3 6 . 0 0 ± 2 1 . 5 5 
( - 2 1 . 3 9 ) 
1 3 6 . 7 8 ± 2 2 . 1 1 
( - 1 4 . 2 1 ) 
1 2 k m 
1 5 8 . 6 0 ± 3 0 . 0 6 
( - 1 8 . 6 3 ) 
1 3 7 . 9 4 ± 2 6 . 2 5 
( - 2 0 . 2 7 ) 
1 4 1 . 6 1 ± 2 9 . 2 8 
( - 1 1 . 1 8 * ) 
1 6 k m 1 9 4 . 9 2 ± 3 3 . 5 6 1 7 3 . 0 0 ± 3 5 . 9 2 1 5 9 . 4 3 ± 2 6 . 6 3 
L . S . D . a t n 1 9 . 7 3 2 0 . 6 0 2 1 . 2 8 
l e v e l 
L . S . D . a t 5% 1 5 . 0 3 1 5 . 6 8 1 6 . 2 1 
l e v e l 
>:<>» # M c 
S i g n i f i c a n t a t 1 % l e v e l , S i g n i f i c a n t a t 5% l e v e l , N o n s i g n i f i c a n t . 
i 
Table 50: V a r i a t i o n i n w i d t h o f t h e v e s s e l e l e m e n t s i n t h e r o o t o f 
C a s s i a s o p h e r a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n t h e p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D e v e l o p m e n t S t a g e s 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
h k m 
4 3 . 6 4 ± 1 2 . 9 0 
( - 4 . 7 5 ' ^ S ) 
5 7 . 3 1 ± 1 2 . 9 0 
( - 2 . 0 0 ^ ® ) 
7 0 . 1 3 ± 1 3 . 3 4 
( - 3 . 4 5 ^ ® ) 
2 k m 
4 0 . 9 8 ± 1 3 . 8 6 
( - 1 0 . 5 6 * ) 
5 6 . 9 7 ± 9 . 5 8 6 9 . 9 7 ± 1 3 . 9 8 
( - 3 . 6 7 ^ ^ ) 
6 k m 
3 2 . 4 9 ± 6 . 7 8 
( - 2 9 . 0 9 * * ) 
4 6 . 3 1 ± 1 3 . 9 G 
( - 2 0 . 8 1 * * ) 
5 2 . 3 1 ± 6 . 0 8 
(-28.00 ) 
1 2 k m 
3 2 . 6 5 ± 5 . 2 8 
ft* 
( - 2 8 . 7 4 ) 
5 0 . 9 7 ± 1 2 . 1 6 
( 1 - 1 2 . 8 4 ) 
5 9 . 8 0 ± 1 3 . 1 3 
( - 1 7 . 6 8 ) 
1 6 k m 4 5 . 8 2 ± 8 . 7 8 5 8 . 4 8 ± 9 . 4 5 7 2 . 6 4 ± 1 6 . 6 6 
L . S . D . a t 1% 
l e v e l 
5 . 4 4 6 . 3 8 6 . 7 0 
L . S . D . a t 5 % 
l e v e l 
4 . 1 4 4 . 8 6 5 . 1 1 
* * * M C 
S i g n i f i c a n t a t 1 % l e v e l . S i g n i f i c a n t a t 5 % l e v e l , N o n s i g n i f i c a n t . 
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Table 51: V a r i a t i o n i n w i d t h o f t h e v e s s e l e l e m e n t s i n t h e r o o t o f 
S i d a r h o m b i f o l i a L . ( M e a n ± S . D . i n u m ) p e r c e n t v a r i a t i o n 
g i v e n i n t h e p a r e n t h e s e s . 
D i s t a n c e f r o m 
p o l l u t i o n s o u r c e 
P l a n t D o v e l o p m e n t S t a g e 
P r e - f l o w e r i n g F l o w e r i n g P o s t - f l o w e r i n g 
% I c m 
3 2 . 3 2 ± 6 . 5 6 
( - 6 . 2 6 ' ^ ^ ) 
4 4 . 3 2 ± 1 0 . 3 3 
( - 8 . 9 0 ) 
4 9 . 1 5 ± 7 . 2 1 
( - I . O O ' ^ ^ ) 
2 k m 
3 0 . 1 2 ± 5 . 7 3 
( - 1 2 . 6 4 ) 
3 6 . 6 5 ± 1 1 . 3 4 
( - 2 4 . 6 6 * " * ) 
4 5 . 4 8 ± 9 . 5 6 
>Kiii 
( - 8 . 4 0 ) 
6 k m 
2 3 . 0 0 ± 6 . 8 5 
am 
( - 3 3 . 3 0 ) 
2 9 . 3 2 ± 9 . 7 0 
( - 3 9 . 7 3 ) 
4 0 . 3 2 ± 6 . 9 1 
sit* (-18.80 ) 
1 2 k m 
2 9 . 1 5 ± 8 . 3 3 
( - 1 5 . 4 6 ) 
3 3 . 6 5 ± 8 . 8 9 
( - 3 0 . 8 3 ) 
4 2 . 1 5 ± 8 . 1 5 
( - 1 5 . 1 0 ) 
1 6 k m 3 4 . 4 8 ± 7 . 3 3 4 8 . 6 5 ± 9 . 8 6 4 9 . 6 5 ± 8 . 4 1 
L . S . D . a t 
l e v e l 
3 . 9 3 5 . 2 4 4 . 1 7 
L . S . D . a t 5 % 
l e v e l 
2 . 9 9 3 . 9 8 3 . 1 8 
»>!t » MC 
S i g n i f i c a n t a t 1 % l e v e l . S i g n i f i c a n t a t 5 % l e v e l . N o n s i g n i f i c a n t . 
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FIG. 30: RELATIVE PROPORTION AND'PER CENT VARIATION 
OF CORTEX, VASCULAR TISSUE AND PITH IN THE STEM OF 
CASSIA SOPHERA L. 
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FIG. 31: RELATIVE PROPORTION AND PER CENT VARIATION 
OF CORTEX, VASCUUR TISSUE AND PITH IN THE STEM OF 
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i!'IG, 34: RELATIVE PROPORTION AND PER' CENT VARIATION 
OF CORTEX, VASCULAR TISSUE AND PITH IN THE ROOT OF 
CASSIA SOPHERA L. 
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FIG. 35: RELATIVE PROPORTION AND PER CENT VARIATION 
OF CORTEX, VASCULAR TISSUE AND PITH IN THE ROOT OF 
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Morphological responses : M a n y e n v i r o n m e n t a l p o l l u t a n t s , a l o n e a n d i n 
c o m b i n a t i o n i n j u r e f o l i a g e , s y m p t o m s i n c l u d e v a r i o u s f o r m s o f n e c r o t i c 
m o t t l i n g a n d l e s i o n s . I n t h e e a r l y s e v e n t i e s , s t u d i e s b y B r a n d t ( 1 9 7 2 ) , 
B u c k ( 1 9 7 2 ) , T h o m a s ( 1 9 7 2 ) a n d S t u r n e ^ ( 1 9 7 3 ) w e r e d e v o t e d t o 
d e t e r m i n e t h e s i g n i f i c a n c e o f t h e f o l i a r m a r k i n g s a s i n d i c a t o r s o f t h e 
e n v i r o n m e n t a l p o l l u t i o n . T h e g e n e r a l i s e d f o l i a r m a r k i n g s s y m p t o m a t i c 
o f a i r p o l l u t i o n d e s c r i b e d b y t h e m a r e c h l o r o s i s , t i p o r e d g e b u r n i n g , 
f l a c k i n g o r s t i p p l i n g , n e c r o s i s , d e s t o r t i o n l e s i o n s , c u r l i n g a n d d e c a y . 
T h e c h i e f p o l l u t a n t s c a u s i n g t h e s e i n j u r i e s t o t h e l e a f a r e S u l p h u r 
d i o x i d e , f l u o r i d e . C a r b o n m o n o x i d e , O z o n e , p h o t o c h e m i c a l o x i d a n t a n d 
c o a l - s m o k e s o o t a n d t a r ( F e d e r , 1 9 7 0 ; J a c o b s o n 8 H i l l , 1 9 7 0 ; T o u r a n g e a n 
^ , 1 9 7 7 ; P a n d e y 8 R a o , 1 9 7 8 ; A m a n i , 1 9 8 2 ; K o z l o w s k i 8 
C o n s t a n t i n i d o u , 1 9 8 6 ) . 
T h e s y m p t o m s o b s e r v e d i n t h e p r e s e n t i n v e s t i g a t i o n c o u l d n o t 
b e p e r t a i n e d t o b e c a u s e d b y S u l p h u r d i o x i d e a l o n e , a l t h o u g h i t 
h a p p e n s t o b e o n e o f t h e m a j o r p o l l u t a n t s e m i t t i n g f r o m t h e s o u r c e . 
T h e v a r i o u s o t h e r p o l l u t a n t s p r e s e n t i n t h e s a m e e n v i r o n m e n t c a u s e 
s i m i l a r s y m p t o m s a s r e p o r t e d b y s e v e r a l e a r l i e r w o r k e r s ( H a s s , 1 9 7 0 ; 
H i b b e n , 1 9 7 0 ; C h a n g , 1 9 7 2 ; N a k a m u r a e t a l . , 1 9 7 5 ; R a j p u t 6 O r m r o d , 
1 9 7 6 ; C a p r o n 8 M a n s f i e l d , 1 9 7 6 , 1 9 7 7 ; O s h i m a ^ a j . . , 1 9 7 7 ) . C h l o r o s i s , 
n e c r o s i s a n d f l e c k i n g a s o b s e r v e d i n C a s s i a s o p h e r a a n d S i d a 
r h o m b i f o U a s e e m t o b e a d i r e c t c o n s e q u e n c e o f d e a t h o f t h e p r e v i o u s l y 
l i v i n g t i s s u e s . H e a t h ( 1 9 8 0 ) o p i n e d t h a t m o s t s y m p t o m s o f p o l l u t i o n 
i n j u r y c a n b e a t t r i b u t e d t o l o s s o f w a t e r f r o m c e l l s a n d e f f e c t s o f 
a l t e r e d w a t e r p o t e n t i a l o n c e l l m e t a b o l i s m . F u r t h e r , i n C a s s i a s o p h e r a 
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a m i l d c h l o r o s i s o r y e l l o w i n g o f t h e l e a v e s i s o b s e r v e d w h i c h s e e m s 
t o b e d u e t o b l e a c h i n g o f c h l o r o p h y l l , a l t h o u g h t h e c e l l s r e m a i n a l i v e . 
T h i s o b s e r v a t i o n i s c o r r o b o r a t e d b y t h e w o r k o f B a r r e t a n d B e n e d i c t 
( 1 9 7 0 ) w h o t r i e d t o e s t a b l i s h a r e l a t i o n s h i p b e t w e e n t h e v a r i o u s f o l i a r 
s y m p t o m s a n d S u l p h u r d i o x i d e t r e a t m e n t . 
T h e p r e s e n c e o f l e s i o n s o n t h e l e a v e s o f S i d a r h o m b l f o l i a c a n 
b e a t t r i b u t e d t o t h e s o o t a n d t a r e m i t t e d i n t h e a i r a l o n g w i t h t h e 
a b n o x i o u s g a s e s w h i c h e v e n t u a l l y d e p o s i t e d o n t h e l e a f s u r f a c e , s u c h 
p a r t i c u l a t e m a t t e r s b e i n g v e r y h o t c a n c a u s e l e s i o n s . H o w e v e r , l o n g 
b a c k H a s e l h o f f a n d L i n d a u ( 1 9 0 3 ) , H o r i c h t ( 1 9 3 8 ) a n d K a t z ( 1 9 4 9 ) , w h i l e 
w o r k i n g o n c o a l - s m o k e e f f e c t o n v e g e t a t i o n , d e m o n s t r a t e d t h a t s o o t a n d 
t a r e m i t t e d i n t h e a i r a n d d e p o s i t e d i n t h e l e a f s u r f a c e a b s o r b 
s u f f i c i e n t l i g h t t o r e d u c e p h o t o s y n t h e s i s . 
C h l o r o s i s , n e c r o s i s a n d f l e c k i n g o f l e a v e s c a u s e d b y 
p o l l u t a n t s , a r e o f t e n f o l l o w e d b y s h e d d i n g o f l e a v e s a n d r e d u c e d l e a f 
g r o w t h ( J e n s e n a F a t t e n , 1 9 8 0 ; N o b l e a J e n s e n , 1 9 8 0 ; B i g g s a D a v i s , 
1 9 8 1 ; G a r s e d a R u t t e r , 1 9 8 2 ; K o z l o w s k i a C o n s t a n t i n i d e u , 1 9 8 6 ) . I n t h e 
p r e s e n t i n v e s t i g a t i o n b o t h C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a 
e x p e r i e n c e d a g r a d u a l l o s s i n t h e n u m b e r o f l e a v e s p e r p l a n t u p t o a 
d i s t a n c e o f 6 k m ( S i t e C ) f r o m t h e p o l l u t i o n s o u r c e . B e y o n d t h i s , 
t h e r e i s a d e c l i n e i n t h e l o s s o f l e a v e s p e r p l a n t w h e n c o m p a r e d t o 
t h e r e f e r e n c e s i t e . T h i s i n d i c a t e s t h a t b o t h t h e s p e c i e s w e r e 
e x p e r i e n c i n g t h e m a x i m u m p o l l u t i o n l o a d a t 6 k m d i s t a n c e a n d a 
d e c r e a s e i n t h e l o s s o f l e a v e s p e r p l a n t b e y o n d t h i s d i s t a n c e m e a n t 
d i l u t i o n i n t h e c o n c e n t r a t i o n o f t h e p o l l u t a n t s . 
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v V h i l e d i s c u s s i n g t h e f o l i a r r e s p o n s e s i n t h e p r e c e d i n g 
p a r a g r a p h s i t h a s b e e n m a r k e d t h a t c h l o r o s i s , n e c r o s i s a n d v a r i o u s 
o t h e r s y m p t o m s o f p o l l u t i o n i n j u r y a r e t h e d i r e c t c o n s e q u e n c e s o f l o s s 
o f w a t e r f r o m c e l l s a n d e f f e c t s o f a l t e r e d w a t e r p o t e n t i a l o n c e l l 
m e t a b o l i s m . T h e o b s e r v e d i n j u r y s y m p t o m s a r e c h r o n i c i n n a t u r e w h i c h 
c a n e v e n t u a l l y i n d u c e e a r l y l e a f s e n e ^ e n c e a n d o f t e n p r e - m a t u r e l e a f 
s h e d d i n g . I n t h e l i g h t o f t h i s o b s e r v a t i o n t h e r e d u c t i o n i n t h e l e a v e s 
p e r p l a n t c o u l d e a s i l y b e u n d e r s t o o d . A s e a r l y a s 1 9 5 5 Z i m m e r m a n 
r e p o r t e d l e a f d r o p f o l l o w i n g t h e e x p o s u r e t o c h l o r i n e g a s i n P r u n u s 
p e r s i c a s e e d l i n g s . I n t h e e a r l y e i g h t i e s , s e v e r a l w o r k e r s r e p o r t e d p r e -
m a t u r e d e f o l i a t i o n i n g y m n o s p e r m s f o l l o w i n g t h e c h l o r o t i c m o t t l i n g , 
f l e c k i n g , t i p n e c r o s i s a n d f o r m a t i o n o f l e s i o n s i n P s e u d o t s u g a m e n g i e s i i 
( C a r l s o n , 1 9 8 0 ) , P i n u s p o n d e r o s a ( S m i t h , 1 9 8 0 ) a n d P i n u s s t r o b u s 
( U s h e r 8 W i l l i a m s , 1 9 8 2 ) . S i m i l a r l y , p r e - m a t u r e s e n e s c e n c e a n d l e a f 
a b s c i s i o n w e r e a l s o o b s e r v e d a f t e r e x p o s u r e t o h i g h d o s a g e s o f p o l l u t a n t s 
i n s o m e a n g i o s p e r m s : w o o d y p l a n t s ( S m i t h , 1 9 8 1 ; C i t r u s s i n e n s i s 
E u c a l y p t u s g l o b u l u s a n d U l m u s p a r v i f o l i a t r e e s ( T a y l o r , 1 9 8 4 ) . 
O f t h e t w o s p e c i e s s t u d i e d . C a s s i a s o p h e r a e x p e r i e n c e s t h e 
m a x i m u m l o s s i n t e r m s o f l e a v e s p e r p l a n t i n d i c a t i n g t h e r e b y i t s n a t u r e . 
F u r t h e r e , d u r i n g t h e p o s t - f l o w e r i n g s t a g e s t h e r e s p o n s e o f p o l l u t i o n l o a d 
t o n u m b e r o f l e a v e s p e r p l a n t w a s m o r e o r l e s s s a m e . H o w e v e r , d u r i n g 
t h e p r e - f l o w e r i n g s t a g e b o t h t h e s p e c i e s i n c u r r e d l o s s b u t t h e 5 0 % l o s s 
o f l e a v e s p e r p l a n t e x p e r i e n c e d b y C a s s i a s o p h e r a w a s a s i g n i f i c a n t 
o n e . T h i s d i f f e r e n c i a l r e s p o n s e o f p o l l u t a n t s t o t h e n u m b e r o f l e a v e s 
p e r p l a n t i n C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a m a y b e a t t r i b u t e d t o 
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t h e f a c t t h a t d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s , f r u i t 
b e a r i n g i n t h e f o r m e r w a s q u i t e h e a v i o u r t h a n t h e l a t e r a n d t h e 
n o u r i s h m e n t r e q u i r e m e n t w a s m o r e i n a d d i t i o n t o a l r e a d y h e a v y f o l i a r 
l o s s d u e t o p o l l u t i o n l o a d . 
I n a d d i t i o n t o t h e s e i n d i r e c t e f f e c t s o f t h e e x i s t i n g 
p o l l u t i o n l o a d o n l e a f g r o w t h , t h e r e a r e m a n y d i r e c t p o l l u t a n t 
i n t e r f e a r e n c e s i n f o l i a g e g r o w t h i . e . s u r f a c e a r e a , v o l u m e o r b i o m a s s . 
I n t h e p r e s e n t i n v e s t i g a t i o n t h e r e i s a m o d e r a t e t o h e a v y 
l o s s o f l e a f a r e a i n t h e t w o s p e c i e s s t u d i e d a r o u n d t h e p o l l u t e d s i t e 
a n d a w a y f r o m i t . T h i s f i n d i n g i s i n a g r ^ e n t w i t h m a n y e a r l i e r o n e s 
( S h a r m a S T y r e e , 1 9 7 3 ; C a p r o n a M a n s f i e l d , 1 9 7 6 , 1 9 7 7 ; A m a n i a 
G h o u s e , 1 9 7 9 ; G a r s e d e ^ a j , . , 1 9 8 0 ; J e n s e n , 1 9 8 1 b ; A m a n i , 1 9 8 2 ; 
H a l b w a c h s , 1 9 8 4 ] . O f t h e t w o s p e c i e s , t h e h i g h e s t r e d u c t i o n i n l e a f 
a r e a d u r i n g t h e p r e - f l o w e r i n g s t a g e i s e x h i b i t e d b y S i d a r h o m b i f o U a 
( 6 5 . 0 0 % ) , w h i l e i n C a s s i a s o p h e r a i t i s 4 7 . 3 5 % . S i m i l a r o b s e r v a t i o n s 
w e r e m a d e b y B r e w e r e ^ a l . ( 1 9 6 6 ) w h o o b s e r v e d 2 5 - 3 0 % l e a f a r e a 
r e d u c t i o n d u e t o h y d r o g e n f l o u r i d e i n G l a d i o l u s . I n t h e s a m e y e a r 
L e o n a r d a n d G r a v e s ( 1 9 6 6 ) o b s e r v e d 2 0 - - 5 0 % r e d u c t i o n d u e t o p o l l u t i o n 
i n t h e l e a v e s o f V a l e n c i a o r a n g e . 
O f l a t e , S h a r m a a n d T y r e e ( 1 9 7 3 ) w h i l e w o r k i n g o n l e a f 
c u t i c u l a r c h a r a c t e r i s t i c s L i q u i d a m b e r s t y r a c i f l u a i n r e l a t i o n t o t h e 
e n v i r o n m e n t a l p o l l u t i o n , r e p o r t e d l o s s i n l e a f a r e a a s w e l l a s i n 
p e t i o l e l e n g t h . I t w a s o p i n e d b y S h a r m a e ^ a j ^ . ( 1 9 8 0 ) t h a t t h e 
r e d u c e d l e a f a r e a i n a p o l l u t e d e n v i r o n m e n t i n d i c a t e d n o t o n l y t h e 
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r e t a r t e d g r o w t h b u t p o s s i b l y a l s o a m o r p h o l o g i c a l a d a p t a t i o n t o a 
h i g h l y p o l l u t e d e n v i r o n m e n t . T h i s p a r a d i g m w a s l a t e r s t r e n g t h e n e d 
b y g r i d h a r ( 1 9 8 1 ) w h o r e p o r t e d r e d u c e d l e a f a r e a i n I m p a t i e n c e 
b a l s a m i n a c o u p l e d w i t h t h e r e d u c e d r a t e o f S u l p h u r d i o x i d e a b s o r p t i o n 
i n a n d a r o u n d a T h e r m a l P o w e r P l a n t . I n o t h e r w o r d s , t h e r e d u c e d 
l e a f s i z e e x h i b i t e d b y t h e p l a n t s i n t h e p o l l u t e d s i t e i s a k i n d o f 
n a t u r a l a d a p t a t i o n , s i n c e t h e s m a l l e r t h e l e a f s i z e , t h e l e s s e r w i l l 
b e t h e a b s o r p t i o n o f n o x i o u s g a s e s t h r o u g h l e a f . 
A n e x c u r s i o n i n t o t h e l i t e r a t u r e r e v e a l s t h a t i t i s f u l l o f 
d e s c r i p t i o n o n i m p a c t o f p o l l u t i o n l o a d o n l e a f g r o w t h i n g e n e r a l . 
O n e o f t h e e a r l i e s t r e p o r t s o n t h e a v e r a g e l e a f - s i z e r e d u c t i o n w a s o n 
N a v e l o r a n g e s e e d l i n g s b y B r e w e r e ^ a j . . ( 1 9 6 1 ) w h o s h o w e d t h a t 1 -
5 p p b f l o u r i d e d e c r e a s e d t h e a v e r a g e l e a f s i z e b y 2 5 - 3 5 % . L a t e r , 
B u c h e r a n d K e l l e r ( 1 9 7 8 ) s h o w e d t h a t l o w S O 2 c o n c e n t r a t i o n i n h i b i t e d 
i n c r e a s e i n l e n g t h o f n e e d l e s o f P i n u s s y l v e s t r i s a n d L a r i x . 
S i m i l a r l y , n e e d l e s o f s e n s i t i v e P i n u s s t r o b u s t r e e s g r o w i n g n e a r 
O a k R i d g e , T e n n e s s e e w e r e 4 5 % s h o r t e r t h a n t h o s e o f t h e t o l a r a n t 
t r e e s ( M c L a u g h l i n e t _ , 1 9 8 2 ) . F e r l i n e t a l . ( 1 9 8 2 ) a l s o o b s e r v e d 
s m a l l e r l e a v e s a s s o c i a t e d w i t h e x p o s u r e t o f l o u r i d e i n P i n u s 
s y l v e s t r i s . S i m i l a r l y , A c e r p l a n t a n o l d e s , C a r p i n u s b e t u l u s , Q u e r c u s 
r o b u r a n d P i c e a a b i e s t r e e s e x p o s e d t o p o l l u t a n t s e m i t t e d b y a 
g a l v a n i z i n g p l a n t a l s o s h o w e d l e a f n e c r o s i s a n d s m a l l e r l e a v e s ( D a s s l e r 
a B o r t i t z , 1 9 8 2 ) . T h e r e d u c t i o n i n l e a f a r e a a s o b s e r v e d i n t h e 
p r e s e n t i n v e s t i g a t i o n a n d t h e a b o v e m e n t i o n e d e x a m p l e s m a y s a f e l y 
b e a t t r i b u t e d t o a n a d v e r s e p o l l u t a n t e f f e c t o n b o t h c e l l s i z e a n d c e l l 
n u m b e r ( H a l b w a c h s , 1 9 8 4 ) . 
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T h e p e r f o r m a n c e o f C a s s i a s o p h e r a a n d S i d a r h o m b i f o U a 
u n d e r t h e p o l l u t i o n s t r e s s w i t h r e f e r e n c e t o r e d u c t i o n i n l e a f s i z e 
d u r i n g t h e d i f f e r e n t d e v e l o p m e n t s t a g e s i s m o r e o r l e s s i d e n t i c a l 
e x c e p t t h a t w h i l e i n C a s s i a s o p h e r a t h e r e i s n o t m u c h o f a v a r i a t i o n 
i n t h e l o s s o f l e a f a r e a d u r i n g t h e p r e - f l o w e r i n g ( 4 5 . 9 0 % ) a n d p o s t -
f l o w e r i n g ( 4 7 . 9 8 % ) s t a g e s a t h k m d i s t a n c e a n d w h i l e a v e r y 
s i g n i f i c a n t l o s s w i t h i n c r e a s i n g t e n d e n c y f r o m t h e p r e - f l o w e r i n g t o 
p o s t - f l o w e r i n g s t a g e s i s o b s e r v e d a t 6 k m d i s t a n c e , S i d a r h o m b i f o l i a 
s h o w s a c o m p l e t e l y r e v e r s e t r e n d a t k k m d i s t a n c e d u r i n g t h e t h r e e 
d e v e l o p m e n t a l s t a g e s , i . e . , a s y s t a m a t i c r e c o v e r y i s o b s e r v e d f r o m 
4 0 . 6 4 % l o s s t o a m e a r 1 5 . 0 0 % , w h i l e a g r a d u a l i n c r e a s e i n l o s s o f l e a f 
a r e a o c c u r s d u r i n g p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s 
a t 6 k m d i s t a n c e . 
T h e a b o v e t r e n d o f p o l l u t a n t r e s p o n s e w i t h r e g a r d s t o 
p l a n t d e v e l o p m e n t s t a g e s c l e a r l y i n d i c a t e s t h a t w h i l e i n p r e - f l o w e r i n g 
s t a g e p l a n t s a r e q u i t e y o u n g a n d i n a n a c t i v e l y g r o w i n g s t a g e , t h e y 
c a n t o l e r a t e t h e i m p a c t o f p o l l u t i o n i n a c o m p a r a t i v e l y b e t t e r w a y 
t h a n d u r i n g t h e p o s t - f l o w e r i n g s t a g e w h e n t h e p l a n t s b e s i d e s b e i n g 
o l d e r , a l s o h a v e t o p r o v i d e n o u r i s h m e n t t o t h e d e v e l o p i n g f r u i t s a t 
t h e e x p e n s e o f t h e v e g e t a t i v e g r o w t h . 
A m o n g t h e d i r e c t p o l l u t a n t i n t e r f e r e n c e i n f o l i a g e , g r o w t h 
v o l u m e o r l e a f b i o m a s s i s a n i m p o r t a n t p a r a m e t e r t o e v a l u a t e t h e 
i m p a c t o f t h e e n v i r o n m e n t a l p o l l u t i o n o n v e g e t a t i o n . F o r e x a m p l e , 
B u c h e r a n d K e l l e r ( 1 9 7 8 ) , w h i l e w o r k i n g i n S w i t z e r l a n d o b s e r v e d t h a t 
l o w S O 2 c o n c e n t r a t i o n s i n h i b i t e d i n c r e a s e i n d r y w e i g h t o f n e e d l e s o f 
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P i n u s s y l v e s t r i s a n d L a r l x . S i m i l a r l y i n t h e p r e s e n t i n v e s t i g a t i o n 
l e a f d r y w e i g h t v a l u e s d e c r e a s e w i t h t h e i n c r e a s i n g l o a d o f p o l l u t i o n 
i n C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a . T h e s e f i n d i n g s a r e 
I n c o n f o r m i t y w i t h t h o s e o f G a r s e d e ^ a ^ . ( 1 9 7 9 ) w h o n o t e d r e d u c t i o n 
i n l e a f w e i g h t o f A c e r p s e u d o p l a t a n u s f l o w e r i n g a 1 5 d a y s f u m i g a t i o n 
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w i t h 1 5 0 u g / m o f S O 2 • I n o t h e r e x p e r i m e n t , J e n s e n ( 1 9 8 1 a ) s h o w e d 
t h a t f u m i g a t i o n o f o n e y e a r o l d F r a x i n u s p e n n s y I v a n i c a s e e d l i n g s w i t h 
5 0 p p h m O g f o r 8 h o u r s p e r d a y , 5 d a y s a w e e k f o r 6 w e e k s r e s u l t e d 
i n s i g n i f i c a n t r e d u c t i o n o f d r y - w e i g h t i n c r e a m e n t . T h u s i t c a n b e 
p r e s u m e d t h a t t h e l o s s i n t h e l e a f d r y w e i g h t m i g h t b e a d i r e c t 
c o n s e q u e n c e o f t h e l o s s o f l e a f t u r g o r , w i l t i n g a n d u l t e m a t e l y d e a t h . 
F u r t h e r , t h e i n c r e a s i n g t r e n d i n t h e l o s s o f l e a f d r y w e i g h t u p t o 
6 k m d i s t a n c e a s o b s e r v e d i n C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a 
d u r i n g t h e p r e - f l o w e r i n g , f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s s h o w s 
t h a t t h e c o n c e n t r a t i o n o f p o l l u t i o n l o a d s e q u e n c i a l l y i n c r e a s e s u p 1 0 
6 k m d i s t a n c e , w h e r e t h e m a x i m u m l o s s i n l e a f d r y w e i g h t i s c a u s e d , 
a n d b e y o n d . h a t a s l i g h t r e c o v e r y a t s i t e D i s i n d i c a t i v e o f a d i l u t i o n 
o f p o l l u t a n t c o n c e n t r a t i o n . 
A n e v a l u a t i o n o f t h e l o s s o f l e a f d r y w e i g h t w i t h r e f e r e n c e 
t o p l a n t g r o w t h s t a g e s r e v e a l s t h a t i n C a s s i a s o p h e r a t h e m a x i m u m 
i D s s s ( 7 1 . 9 5 % ) i s i n c u r r e d , d u r i n g t h e f l o w e r i n g s t a g e t h e l o s s e s 
d u r i n g t h e p r e - f l o w e r i n g a n d p o s t - f l o w e r i n g b e i n g 6 8 . 0 8 % a n d 6 1 . 2 4 % 
r e s p e c t i v e l y . T h e s e o b s e r v a t i o n s s u g g e s t t h a t t h e m a x i m u m l o s s 
o b s e r v e d d u r i n g t h e p r e - f l o w e r i n g s t a g e a t s i t e C i s f u r t h e r 
c o m p o u n d e d d u r i n g t h e f l o w e r i n g s t a g e b e c a u s e a n i d e a l f l o w e r i n g a n d 
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f r u i t i n g s t a t e i s g u a r a n t e e d a t t h e e x p e n s e o f v e g e t a t i v e g r o w t h . 
S i m i l a r l y i n t h e c a s e o f S l d a r h o m b i f o l i a , t h e m a x i m u m l o s s o c c u r r e d 
a t s i t e C i n a l l t h e d e v e l o p m e n t s t a g e s b u t t h e r e i s a g r a d u a l 
i n c r e a s e i n t h e l o s s , t h o u g h a m a r g i n a l o n e f r o m t h e p r e - f l o w e r i n g 
t o f l o w e r i n g a n d t h e n a q u a n t u m j u m p f r o m f l o w e r i n g ( 3 8 . 2 3 % ) t o p o s t -
f l o w e r i n g ( 4 7 . 3 7 % ) , i n d i c a t i n g t h e r e b y a n a l m o s t s t a n d s t i l l v e g e t a t i v e 
g r o w t h p r i m a r i l y b e c a u s e o f m a s s c o n v e r s i o n o f v e g e t a t i v e s h o o t s i n t o 
r e p r o d u c t i v e s h o o t s i n v i e w o f a h e a v y f l o w e r a n d f r u i t b e a r i n g 
t e n d e n c y o f t h i s s p e c i e s . 
T o h a v e a m e a s u r e o f p o t a n t i a l i t y a n d v i g o r o f t h e 
d i f f e r e n t s p e c i e s g r o w i n g w i t h i n t h e v i c i n i t y o f p o l l u t i o n s o u r c e a n d 
a w a y f r o m i t s h o o t h e i g h t h a s b e e n c o n s i d e r e d t o b e a n i m p o r t a n t 
p a r a m e t e r . 
O f t h e t w o s p e c i e s s t u d i e d , C a s s i a s o p h e r a e x h i b i t e d t h e 
m a x i m u m r e d u c t i o n ( 4 5 . 1 5 % ) d u r i n g t h e p r e - f l o w e r i n g s t a g e a t 6 k m 
( s i t e C ) d i s t a n c e f r o m p o l l u t i o n s o u r c e , w h e r e a s t h e c o r r e s p o n d i n g 
v a l u e a t 1 2 k m ( s i t e D ) d i s t a n c e i s 2 5 . 2 5 % . O n t h e o t h e r h a n d , S i d a 
r h o m b i f o l i a s h o w e d a r e d u c t i o n i n h e i g h t t o t h e t u n e o f 3 5 . 4 0 % a t s i t e 
B a n d 4 7 . 4 0 % a t s i t e C . S i m i l a r g r o w t h i m p e d i m e n t i n s h o o t h e i g h t 
h a s b e e n r e p o r t e d b y m a n y e a r l i e r w o r k e r s w h o a s c r i b e d t h i s t o t h e 
a d v e r s e e f f e c t o f S O ^ ( T i n g e y e ^ a j . . , 1 9 7 1 ; C o w l i n g a L o c k y e r , 1 9 7 6 ; 
P a n d e y Q R a o , 1 9 7 8 ; S u w a n n a p i n u n t 8 K o z l o w s k i , 1 9 8 0 ; P a w a r , 1 9 8 2 ) , 
a m o n i a p o l l u t i o n ( C h a p h e k a r 6 B o r a l k a r , 1 9 7 9 ) , c e m e n t d u s t p o l l u t i o n 
( O b l e s a m i e ^ a l . , 1 9 7 8 ) a n d c o a l - s m o k e p o l l u t i o n ( m a i n p o l l u t a n t S 0 „ ) 
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( A m a n i , 1 9 8 2 ; G h o u s e 8 K h a n , 1 9 8 3 , 1 9 8 4 ) . T h e p r e s e n t f i n d i n g s a r e 
c o r r o b o r a t e d b y t h e w o r k o f S h a r c n a ( 1 9 8 1 ) w h o n o t e d u n f a v o u r a b l e 
e f f e c t o n s h o o t l e n g t h i n m u s t a r d u n d e r t h e c u m u l a t i v e e f f e c t o f 
s u l p h u r d i o x i d e a n d h y d r o g e n f l o u r i d e g a s e s . S i m i l a r o b s e r v a t i o n s 
w e r e m a d e f o r t h e e f f e c t o f c o a l - s m o k e p o l l u t i o n o f w e e d f l o r a ( A m a n i , 
1 9 8 2 ; K h a n , 1 9 8 5 ; K h a n 8 G h o u s e , 1 9 8 8 ) . T h i s r e d u c t i o n i n s h o o t 
h e i g h t m a y b e d u e t o s l o w r a t e o f d i v i s i o n a n d e x p a n s i o n o f c e l l s a s 
s u g g e s t e d b y C h a n g a n d T h o m p s o n ( 1 9 6 6 ) . 
A p e r u s a l o f t h e o b s e r v a t i o n s m a d e a t t h r e e p l a n t 
d e v e l o p m e n t s t a g e s r e v e a l s t h a t b o t h C a s s i a s o p h e r a a n d S i d a 
r h o m b i f o l i a e x p e r i e n c e d c o m p a r a t i v e l y h i g h e r r e d u c t i o n i n s h o o t h e i g h t 
d u r i n g t h e f l o w e r i n g s t a g e t h a n d u r i n g t h e p r e - f l o w e r i n g o r t h e p o s t -
f l o w e r i n g s t a g e . T h i s s o r t o f r e s p o n s e o f s h o o t d e v e l o p m e n t t o 
p o l l u t i o n l o a d c a n b e a t t r i b u t e d t o t h e r e t a r d e d p h o t o s y n t h e t i c r a t e -
a c o n s e q u e n c e o f d e c r e a s e d p h o t o s y n t h e t i c a r e a d u e t o t h e l e a f i n j u r y 
c o u p l e d w i t h t h e a d v a n c i n g a g e o f t h e p l a n t . T h i s i s w h a t B l e a s d a l e 
( 1 9 5 2 ) c a l l e d a m e a s u r a b l e i n t e r f e r e n c e o f c o a l - s m o k e o r i t s o x i d a t i o n 
p r o d u c t s w i t h p l a n t g r o w t h . 
O b s e r v a t i o n s o n b i o m a s s ( d r y m a t t e r p r o d u c t i o n ) e s t i m a t i o n 
o f s h o o t a x i s i n t h e p r e s e n t i n v e s t i g a t i o n s h o w t h a t a s u b s t a n t i a l l o s s 
i s i n c u r r e d b y b o t h C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a d u e t o t h e 
e x i s t i n g p o l l u t i o n l o a d . A s t o t h e e x t e n t o f l o s s d u r i n g t h e t h r e e 
d e v e l o p m e n t s t a g e s , i t w a s t h e h i g h e s t a t t h e f l o w e r i n g s t a g e a n d 
h i g h l y s i g n i f i c a n t i n v a r i a b l y a t s i t e s A , B 6 C . A v e r y p e c u l i a r 
f e a t u r e o f b i o m a s s r e d u c t i o n i n C a s s i a s o p h e r a i s t h a t i t i s 
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i n d e p e n d e n t o f t h e e x t e n t o f r e d u c t i o n i n s h o o t h e i g h t w i t h r e f e r e n c e 
t o i n c r e a s i n g d i s t a n c e f r o m p o l l u t i o n s o u r c e . S i m i l a r o b s e r v a t i o n s 
h a v e b e e n d o c u m e n t e d o n t h e i n h i b i t o r y e f f e c t o f e n v i r o n m e n t a l 
p o l l u t i o n o n d r y w e i g h t o r b i o m a s s i n c r e a m e n t ( B e l l 8 C l o u g h , 1 9 7 3 ; 
A y a z l o o e t , W S O ) i n L o l i u m p e r e n n e , ( P a n d e y Q R a o , 1 9 7 8 ) w h e a t , 
( C h a p h e k a r 8 B o r a l k a r , 1 9 7 9 ) A b e l m o s c h u s , C ^ r o t a l a r i a . , C y a m o p s i s 
a n d T r i g o n e 1 1 a , a n d ( S u w a n n a p i n u n t 5 K o z l o w s k i , 1 9 8 0 ) A c e r s a c c h a r u m 
a n d R o b i n e a p s e u d o a ' ^ c a c i a . T h i s r e d u c t i o n i n s h o o t - b i o m a s s 
a c c u m u l a t i o n c a n b e a s c r i b e d t o t h e l o w e r i n g o f p h o t o s y n t h e s i s i n t h e 
p r e s e n c e o f p o l l u t a n t s p a r t i c u l a r l y S O 2 ( S O 2 b e i n g t h e m a j o r 
c o n s t i t u e n t o f c o a l - s m o k e p o l l u t i o n a t t h e s t u d y s i t e s ) . S i m i l a r 
o b s e r v a t i o n s u n d e r t e m p e r a t e c o n d i t i o n s w e r e m a d e b y S i j 8 S w a n s o n 
( 1 9 7 4 ) a n d S i l v i u s ^ a l . ( 1 9 7 5 ) . 
T h e p r e s e n t o b s e r v a t i o n s o n t o r o o t l e n g t h a n d d r y m a t t e r 
p r o d u c t i o n r e v e a l i n t e r e s t i n g r e s u l t s . I n a l l t h e t h r e e s t a g e s , r o o t 
l e n g t h i n C a s s i a s o p h e r a s h o w e d n e i t h e r a s i g n i f i c a n t d e c r e a s e n o r a n 
i n c r e a s e a t a n y o f t h e s i t e s e x c e p t a t s i t e C d u r i n g t h e p o s t - f l o w e r i n g 
s t a g e , w h e r e i t i n c r e a s e d v e r y s i g n i f i c a n t l y . O n t h e c o n t r a r y , w h e n 
d r y m a t t e r p r o d u c t i o n w a s c o n s i d e r e d i t w a s f o u n d t h a t t h e p l a n t 
s u f f e r e d h e a v i l y d u r i n g t h e p r e - f l o w e r i n g s t a g e a n d t h e l o s s w a s 
f u r t h e r a m p l i f i e d a t t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s , t h e 
m a x i m u m l o s s ( 7 5 . 9 1 % ) b e i n g a t t h e f l o w e r i n g s t a g e . S i d a r h o m b i f o l i a , 
r e s p o n d e d a l m o s t U k e C . s o p h e r a e x c e p t t h a t t h e p r e - f l o w e r i n g s t a g e 
i s c h a r a c t e r i s e d b y a h e a v y l o s s f o l l o w e d b y a s i n g i f i c a n t g a i n a t 
t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s . T h e s e o b s e r v a t i o n s s u g g e s t 
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t h a t t h e r e e x i s t s n o d e f i n i t e c o r r e l a t i o n b e t w e e n r o o t l e n g t h a n d d r y 
m a t t e r p r o d u c t i o n . T h i s c o n f o r m s t o t h e v i e w s e x p r e s s e d b y A m a n i 
( 1 9 8 2 ) w h o s t u d i e d A b u t i l o n i n d i c u m , A c h y r a n t h e s a s p e r a , C a l o t r o p i s 
p r o c e r a , C a s s i a o c c i d e n t a l i s , C r o t o n b o n p l a n d i a n u m a n d X a n t h i u m 
s t r u m a r i u m . S e v e r a l w o r k e r s h a v e a l s o n o t e d t h e a d v e r s e e f f e c t o f 
v a r i o u s a i r p o l l u t a n t s u n d e r l a b o r a t o r y c o n d i t i o n s c n r o o t l e n g t h a n d 
r o o t b i o m a s s i n d i f f e r e n t s p e c i e s v i z . , T r i t i c u m ( P a n d e y a R a o , 1 9 7 8 ) , 
C r o t a l a r i a a n d C y a n o p s i s ( C h a p h e k a r 6 B o r a l k a r , 1 9 7 9 ) , A l f a l f a ( S i n g h 
8 R a o , 1 9 7 9 ) , A l l i u m s a t i v u m ( S h a r m a ^ , 1 9 7 9 ) , R o b i n i a 
p s e u d o a c a c i a a n d A c e r s a c c h a r u m ( S u w a n n a p i n u n t 8 K o z l o w s k i , 1 9 8 0 ) , 
C u c u m i s s a t i v u s a n d N i c o t i a n a t a b a c u m ( M e j s t r i k , 1 9 8 0 ) , B l a c k g r a m 
( R a z a 8 B a n o , 1 9 8 1 ) , V i g n a r a d i a t a ( P a n d e y , 1 9 8 5 ) , C h e n o p o d i u m 
a l b u m , M e l i l o t u s i n d i c u s . C a s s i a t o r a , L i n d e r n i a c r u s t a c e a a n d E c l i p t a 
p r o s t r a t a ( K h a n , 1 9 8 5 ) , A m a r a n t h u s v i r i d i s a n d E u p h o r b i a h i r t a 
( U s m a n i , 1 9 9 0 ) . K h a n a n d G h o u s e ( 1 9 8 8 ) , w h i l e w o r k i n g o n r o o t 
g r o w t h r e s p o n s e s o f A n a g a l i s a r v e n s i s t o a i r p o l l u t i o n , f o u n d a 
s i g n i f i c a n t , p o s i t i v e a n d h i g h d e g r e e o f r e l a t i o n s h i p b e t w e e n r o o t 
l e n g t h a n d r o o t b i o m a s s w i t h t h e i n c r e a s i n g d i s t a n c e f r o m t h e s o u r c e . 
T h e y i n f e r r e d t h a t t h e d e g r e e o f r e l a t i o n s h i p d e c r e a s e d w i t h t h e 
i n c r e a s i n g a g e o f t h e p l a n t . S u c h a n e f f e c t o n r o o t g r o w t h a n d 
d e v e l o p m e n t h a s e a r l i e r b e e n a s c r i b e d t o i m b a l a n c e i n c a r b o n 
p a r t i t i o n i n g i n d u c e d b y a i r p o l l u t a n t s ( T i n g e y ^ a l . , 1 9 7 1 ) . T h a t 
t h e r e s e e m s t o b e i n h i b i t o r y e f f e c t o f a i r p o l l u t i o n o n t h e r o o t l e n g t h 
i n a n y o f t h e d e v e l o p m e n t s t a g e s i n t h e p r e s e n t s t u d y , f i n d s f a v o u r 
b y t h e s t u d i e s o f R o g e r s ^ a l . ( 1 9 8 3 ) w h o f o u n d t h e g r o w t h o f a l l 
p l a n t p a r t s s p e c i a l l y t h e r o o t s t o b e s t i m u l a t e d b y t h e a l l i v a t e d C 0 _ 
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l e v e l s . I n y e t a n o t h e r s t u d y , S a h a i e ^ a l ^ . ( 1 9 8 5 ) s h o w e d t h a t t h e 
l e n g t h o f r o o t s w a s c o n s i d e r a b l y I n c r e a s e d w h e n p l a n t s w e r e t r e a t e d 
w i t h 5 . 0 0 % d i s t i l l o r y e f f l u e n t s . 
I n t h e p r e s e n t i n v e s t i g a t i o n i t h a s b e e n o b s e r v e d t h a t C . 
s o p h e r a a n d S . r h o m b i f o l i a e x h i b i t p o o r g r o w t h w i t h r e f e r e n c e t o t o t a l 
h e i g h t o f t h e p l a n t . S i m i l a r o b s e r v a t i o n s o n v a r i o u s p l a n t s p e c i e s 
w e r e o b t a i n e d b y K a t z ^ ( 1 9 3 9 ) , K a t z ( 1 9 4 9 ) , T h o m a s ( 1 9 6 1 ) , 
G u d e r i a n a n d S t r a t m a n n (1962), L i n z o n ( 1 9 6 5 J K n a b e ( 1 9 7 6 ) , A s h e n d e n 
a n d M a n s f i e l d ( 1 9 7 8 ) , C r i t t e n d e n a n d R e a d ( 1 9 7 8 ) , G a l l o w a y e ^ a l . 
( 1 9 7 8 ) , B e l l H i ( 1 9 7 9 ) , S i n g h a n d R a o ( 1 9 7 9 ) , E v a n s a n d H e n d r e y 
( 1 9 8 0 ) , M a n s f i e l d a n d F r e e r - S m i t h ( 1 9 8 1 ) , A m a n i ( 1 9 8 2 ) , G a r s e d a n d 
R u t t e r ( 1 9 8 2 ) , K h a n ( 1 9 8 5 ) a n d S a q u i b ( 1 9 8 9 ) . 
M o s t s t u d i e s o f e f f e c t s o f t h e e n v i r o n m e n t a l p o l l u t a n t s o n 
h e i g h t g r o w t h h a v e b e e n c o n d u c t e d w i t h s e e d l i n g s . A s e a r l y a s 1 9 5 5 
S c h e f f e r a n d H e d g c o c k s h o w e d t h a t S O 2 e m i t t e d b y a s m e l t e r r e t a r d e d 
h e i g h t g r o w t h o f P i n u s p o n d e r o s a s a p U n g s . I n i t i a t i o n o f s h o o t 
e x t e n s i o n w a s d e l a y e d a n d h e i g h t g r o w t h r e d u c e d i n P i c e a a b i e s 
g r o w i n g i n a p o l l u t e d a r e a ( M a t e r n a , 1 9 7 4 ) . H e i g h t i n c r e a m o n t o f 
F r a x i n u s p e n s y I v a n i c a , P l a t a n u s o c c i d e n t a l l s a n d P o p u l u s d e l t o i d e s 
s e e d l i n g s w a s r e d u c e d b y S O ^ p o l l u t i o n . T h e g r o w t h o f A c e r 
s a c c h a r l n u m a n d L l r i o d e n d r o n t u U p i f e r a s e e d l i n g w a s d r a s t i c a l l y 
r e d u c e d w i t h a v e r y h i g h c o n c e n t r a t i o n o f S O 2 ( J e n s e n , 1 9 7 7 ) . 
F u m i g a t i o n w i t h S O 2 i n h i b i t e d h e i g h t g r o w t h o f R o b l n l a p s e u d o a c a c i a 
( S u w a n n a p i n u n t a K o z l o w s k i , 1 9 8 0 ) . V e r y h i g h c o n c e n t r a t i o n o f S O ^ 
i s r e p o r t e d t o i n d u c e r e d u c t i o n i n h e i g h t o f A i l a n t h u s a l t i s s i m a 
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( M a r s h a l l 5 F u r n i e r , 1 9 8 1 ) . S o m e t i m e s e v e n s h o r t t e r m a n d l o w d o s e s 
o f S O 2 i n d u c e h e i g h t r e d u c t i o n i n p l a n t s e . g . s e e d l i n g s o f L a r i x a n d 
P i n u s ( T s u k a h a r a e ^ a l ^ . , 1 9 8 4 ) . R e g r e s s i o n a n a l y s i s a l s o i n d i c a t e s 
a g e n e r a l d e c l i n e i n h e i g h t g r o w t h o f d o m i n a n t a n d c o - d o m i n a n t 
F r a x i n u s a m e r i c a n a a n d Q u e r c u s r u b r a t r e e s w i t h i n c r e a s e i n m u l t i p l e 
i n d u s t r i a l p o l l u t a n t s ( i n c l u d i n g p a r t i c u l a t e s , 0 - . S 0 „ a n d N O ) 
( M c C l e n a h e n , 1 9 8 3 ) . 
O f t h e t w o s p e c i e s s t u d i e d , S . r h o m b i f o l i a e x h i b i t s m o r e 
s e v e r e r e d u c t i o n i n p l a n t h e i g h t t h a n C . s o p h e r a . F u r t h e r , t h e r e w a s 
a s y s t e m a t i c a n d g r a d u a l d e c l i n e i n p l a n t h e i g h t a t i n c r e a s i n g d i s t a n c e 
f r o m p o l l u t i o n s o u r c e , t h e m a x i m u m d e c l i n e b e i n g o b s e r v e d a t s i t e C . 
T h i s t r e n d w a s t r u e f o r b o t h t h e s p e c i e s a n d a t a l l s t a g e s o f p l a n t 
d e v e l o p m e n t . H o w e v e r , t h e f l o w e r i n g s t a g e e x h i b i t e d m o r e r e d u c t i o n 
t h a n t h e o t h e r t w o s t a g e s . T h e t r e n d o f l o s s i n p l a n t h e i g h t d u r i n g 
t h r e e s t a g e s w a s p r e - f k j w e r i n g p o s t - f l o w e r i n g f l o w e r i n g f o r b o t h 
s p e c i e s . T h e m a x i m u m b s s i n C . s o p h e r a ( 5 7 . 0 6 % ) a n d S . r h o m b i f o l i a 
( 5 2 . 2 7 % ) w a s r e c o r d e d d u r i n g t h e f l o w e r i n g s t a g e , w h e r e a s a m i n i m u m 
s i g n i f i c a n t l o s s C . s o p h e r a ( 1 2 . 3 3 % ) w a s o b s e r v e d d u r i n g p r e - f l o w e r i n g 
s t a g e a n d i n S . r h o m b i f o l i a ( 2 2 . 5 4 % ) d u r i n g t h e p o s t - f l o w e r i n g s t a g e . 
T h e s e f i n d i n g s a g r e e w i t h t h a t o f L e c h o w i c z ( 1 9 8 7 ) w h o s h o w e d t h a t 
o n a n a v e r a g e , t h e p o l l u t i o n - s t r e s s t r e a t m e n t s r e s u l t e d i n a 2 5 . 0 0 % 
r e d u c t i o n i n p l a n t g r o w t h , a n d i n t h e m o s t s e v e r e s t r e s s r e g i m e s 
g r o w t h r e d u c t i o n s w e r e a s h i g h a s 8 7 . 0 0 % . F i n a l l y , t h e l o s s o f 
g e n e r a l g r o w t h p e r f o r m a n c e w i t h r e f e r e n c e t o h e i g h t o f t h e p l a n t c o u l d 
b e a s c r i b e d p r i m a r i l y t o t h e s e v e r e j o l t t o p h o t o s y n t h e t i c a p p a r a t u s 
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d u e t o d a m a g e o f l e a v e s p e r p l a n t i n t e r m s o f r e d u c e d s i z e a n d 
n u m b e r o f l e a v e s p e r p l a n t a n d f o l i a r s y m p t o m s l i k e n e c r o s i s , 
c h l o r o s i s a n d b u r n i n g . A p e r u s a l o f t h e l i t e r a t u r e r e v e a l s t h a t t h e 
r e d u c e d p l a n t h e i g h t i s a d i r e c t c o n s e q u e n c e o f l e a f i n j u r y d u e t o 
p o l l u t a n t s ( H o w e l l a S m i t h , 1 9 7 7 ; C h a p h e k a r Q B o r a l k a r , 1 9 7 9 ; 
G a l l o w a y e t a j . . , 1 9 7 8 ; E v a n s Q H e n d r e y , 1 9 8 0 ) . 
A v e r y y r e a s o n t o e x p l a i n t h e l o s s i n p l a n t h e i g h t d u e t o 
a i r p o l l u t i o n w a s p u t f o r w a r d b y C r i t t e n d e n a n d R e a d ( 1 9 7 8 ) w h o 
s u g g e s t e d t h a t t h e d e p r e s s i o n i n g r o w t h a n d t h e i m p e d e d d e v e l o p m e n t 
o f t h e v ^ h o l e p l a n t m i g h t h a v e b e e n c a u s e d b y t r a n s l o c a t i o n o f S O 2 
d e r i v a t i v e s t o m e r i s t e m a t i c r e g i o n s . G a r r e d a n d R e a d ( 1 9 7 4 ) i n t h e i r 
t r a n s l o c a t i o n s t u d i e s s h o w e d t h a t a c c u m u l a t i o n o f l a b e l l e d S O ^ o c c u r s 
i n s p e c i a l t i s s u e o f s o y b e a n f o l l o w i n g e x p o s u r e o f s i n g l e a t t a c h e d 
3 5 l e a v e s t o S O 2 • 
I n a d d i t i o n t o t h e q u a n t i f y i n g e f f e c t s o f p o l l u t i o n o n s h o o t 
a n d r o o t l e n g t h , s h o o t a n d r o o t d r y w e i g h t a n d t o t a l p l a n t h e i g h t o f 
t h e t w o s p e c i e s u n d e r s t u d y , m e a n v a r i a t i o n o f r o o t / s h o o t l e n g t h r a t i o 
a n d r o o t / s h o o t d r y w e i g h t h a v e b e e n a n a l y s e d . T h e c o m p a r a t i v e s t u d y 
o f l o s s / g a i n w i t h r e f e r e n c e t o l e n g t h a n d d r y w e i g h t o f r o o t a n d s h o o t 
r e v e a l s t h a t b o t h t h e s p e c i e s s u f f e r h e a v i l y a t a l l d i s t a n c e s f r o m 
p o l l u t i o n s o u r c e p a r t i c u l a r l y d u r i n g t h e p r e - f l o w e r i n g s t a g e . 
F u r t h e r , t h i s l o s s i s c o m p o u n d e d w i t h i n c r e a s i n g a g e o f t h e p l a n t . 
A l s o , t h e l e n g t h a n d b i o m a s s o f r o o t s h o w a c o m p a r a t i v e l y m o r e 
d e l e t a r i o u s e f f e c t o f p o l l u t i o n t h a n t h e l e n g t h a n d b i o m a s s o f t h e 
s h o o t . 
162 
S i m i l a r o b s e r v a t i o n s w e r e r e c o r d e d b y N o r b y a n d 
K o z l o w s k i ( 1 9 8 1 b , c ) w h o s h o w e d t h a t r o o t l e n g t h w a s r e d u c e d m o r e 
t h a n s h o o t l e n g t h i n E u c a l y p t u s c a m a l d u l e n s i s a n d B e t u l a p a p y r i f e r a 
u n d e r t h e s t r e s s o f S O 2 p o l l u t i o n . I n y e t a n o t h e r s t u d y N o r b y a n d 
K o z l o w s k i ( 1 9 8 3 ) d e m o n s t r a t e d t h a t SO^ d e p r e s s e d g r o w t h /Ut^ of t h e 
r o o t s b u t n o t o f t h e s h o o t s . 
T h e r e a r e s e v e r a l i n s t a n c e s o f i m p e d e d r o o t g r o w t h d u e 
t o SO 2 a n d w h e r e i t h a s b e e n i n f e r r e d t h a t t h e y g e n e r a l l y 
s u p p r e s s r o o t g r o w t h r a t h e r t h a n s h o o t g r o w t h ( T i n g e y e t a l ^ . , 1 9 7 1 , 
1 9 7 1 ; T i n g e y a R e i n e r t , 1 9 7 5 ; R e i n e r t a W e b e r , 1 9 8 0 ; R e i n e r t Q G r a y , 
1 9 8 1 ; R e i n e r t a S a n d e r s , 1 9 8 2 ; B y t n e r o w i c z 8 T a y l o r , 1 9 8 3 ; F o s t e r ^ 
a l . , 1 9 8 3 ; M c L a u g h l i n a M c C o n a t h y , 1 9 8 3 ) . 
S e v e r a l s t u d i e s , m o s t l y w i t h s e e d l i n g s , h a v e d o c u m e n t e d 
i n h i b i t o r y e f f e c t s o f t h e e n v i r o n m e n t a l p o l l u t a n t s , p a r t i c u l a r l y o f S O ^ , 
0 „ a n d N O o n d r y w e i g h t i n c r e m e n t i n w o o d y a s w e l l a s h e r b a c i o u s o X 
p l a n t s . A b o u t 7 0 . 0 0 % o f t h e o b s e r v a t i o n s s c a n n e d i n v o l v e S O ^ 
f u m i g a t i o n . R e d d i s h ( R e i n e r t a G r a y , 1 9 8 1 ; R e i n e r t e t a l . , 1 9 8 2 ) , 
A l f a l f a ( T i n g e y 6 R e i n e r t , 1 9 7 5 ) , B l u e g r a s s ( P o a p r a t e n s i s ) ( W h i t m o r e 
a M a n s f i e l d , 1 9 8 3 ) , p e r e n n i a l r y e g r a s s ( L o l i u m p e r e n n e ) ( B e l l e ^ a l . , 
1 9 7 9 ) , s c o t p i n e ( P i n u s s y I v e s t r i s ) a n d - S t i t k a s p r u c e ( P i c e a 
s i t c h e n s i s ) ( G a r s e d 8 R u t t e r , 1 9 8 4 ) h a v e s h o w n g r e a t e r s u p p r e s s i o n 
o f r o o t s t h a n s h o o t s u n d e r t h e i n f l u e n c e o f S O g . 
T h e v a r i o u s c o n c e n t r a t i o n s ( v e r y l o w a n d v e r y h i g h ) o f 
S O 2 o v e r v a r y i n g f u m i g a t i o n p e r i o d s h a v e b e e n r e p o r t e d t o c a u s e 
163 
r e d u c e d d r y w e i g h t i n c r e m e n t s o f r o o t s . F o r e x a m p l e , S O 2 ( 2 u L / L 
f o r o n e h o u r ) r e d u c e d d r y w e i g h t i n c r e m e n t o f r o o t s b u t n o t o f s h o o t s 
o f f o u r w e e k o l d R o b i n i a p s e u d o a c a c i a a n d f i v e w e e k o l d U l m u s 
a m e r i c a n a s e e d l i n g s ( S u w a n n a p i n u n t 8 K o z l o w s k i , 1 9 8 0 ) . F u m i g a t i o n 
o f A i l a n t h u s a l t i s s i m a s e e d l i n g s w i t h 2 0 p p h m S Q , ^ f o r 1 4 d a y s l e a d 
t o a r e d u c t i o n i n d r y w e i g h t i n c r e m e n t , b y 6 8 . 0 0 % a n d 4 2 . 0 0 % , i n 
r o o t s a n d s h o o t s , r e s p e c t i v e l y ( M a r s h a l l 8 F u r n i e r , 1 9 8 1 ) . D r y 
w e i g h t i n c r e m e n t w a s s i g n i f i c a n t l y r e d u c e d i n r o o t s o f U l m u s a m e r i c a n a 
( C o n s t a n t i n i d o u Q K o z l o w s k i , 1 9 7 9 ) , a n d F r a x i n u s p e n n s y I v a n i c a 
( S h a n k l i n 8 K o z l o w s k i , 1 9 8 4 ) u n d e r t h e s t r e s s o f S O 2 c o n c e n t r a t i o n u p 
t o 2 p L / L a n d f o r u p t o 7 2 h o u r s . A s d i s c u s s e d e l s e w h e r e , t h e a i r 
p o l l u t a n t s c a u s e a s e v e r e i m b a l a n c e i n l e a f m i n e r a l n u t r i t i o n b y 
a f f e c t i n g t h e a c c u m u l a t i o n o f h e a v y m e t a l s , e v e n e x c e s s i v e a c c u m u l a t i o n 
o f Z n h a s b e e n r e p o r t e d t o c a u s e r e d u c t i o n i n d r y w e i g h t o f r o o t s i n 
t h e s e e d l i n g s o f P i n u s s t r o b u s , B e t u l a a n d P r u n u s ( M i t c h e l l 8 F r e t z , 
1 9 7 7 ) . S h o o t d r y w e i g h t w e r e l e s s r e s p o n s i v e t h a n r o o t d r y w e i g h t s 
t o e x c e s s i v e C d a c c u m u l a t i o n ( K e l l y e ^ a l . , 1 9 7 9 ) . 
O z o n e f u m i g a t i o n s r e d u c e d r o o t b i o m a s s m o r e t h a n s h o o t 
b i o m a s s i n P a r s l e y ( O s h i m a e ^ a _ l . , 1 9 7 8 ) , c o t t o n ( O s h i m a e ^ a l . , 
1 9 7 9 ) , b u s h b e a n ( B y t n e r o w i c z 8 T a y l o r , 1 9 8 3 ) , r o d d i s h ( A d e d i p e 8 
O r m r o d , 1 9 7 4 ; R e i n e r t 8 G r a y , 1 9 8 1 ; R e i n e r t ^ , 1 9 8 2 ; W a 1 m s l e y 
^ a l , . , 1 9 8 0 ) , a l f a l f a ( T i n g e y 8 R e i n e r t , 1 9 7 5 ) , s o m e c o n i f e r o u s a n d 
d e c i d u o u s t r e e s ( K r e s s 8 S k e l l y , 1 9 8 2 ) a n d c e r t a i n p e r e n n i a l g r a s s e s 
( H o r s m a n e t a l . , 1 9 8 0 ) . 
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R e l a t i v e l y f e w s t u d i e s h a v e a n a l y s e d b i o m a s s a l l o c a t i o n 
i n r e s p o n s e t o N O 2 e x p o s u r e . W h i t e a s h ( F r a x i n u s a i n e r i c a n a ) h a s 
b e e n r e p o r t e d t o e x h i b i t m a r k e d l y r e d u c e d r o o t g r o w t h w i t h n o e f f e c t 
o n s h o o t g r o w t h . T h e g r e a t e r s u p p r e s s i o n o f r o o t g r o w t h r e l a t i v e t o 
s h o o t g r o w t h i s m o r e o f t e n a p p a r e n t i n r e s p o n s e t o e i t h e r o r S O 2 
t h a n t o N O 2 . F u m i g a t i o n s w i t h a l o n e r e d u c e d r o o t b i o m a s s b y 
3 4 . 0 0 % a n d s h o o t b i o m a s s b y 2 3 . 0 0 % ; f o r S O 2 a l o n e t h e r e d u c t i o n s w o ^ e 
b y 2 7 . 0 0 % a n d 1 7 . 0 0 % a n d f o r N O 2 a l o n e b y 1 4 . 0 0 % a n d 1 0 . 0 0 % 
r e s p e c t i v e l y . E x p o s u r e t o i n c o m b i n a t i o n w i t h S O 2 o r N O 2 
q u a l i t a t i v e l y c h a n g e d t h e g e n e r a l t e n d e n c y f o r a c c u m u l a t e d r o o t 
b i o m a s s t o b e d e c r e a s e d t o a g r e a t e r e x t e n t t h a n s h o o t b i o m a s s 
( T i n g e y 6 R e i n e r t , 1 9 7 5 ; R e i n e r t a G r a y , 1 9 8 1 ; K r e s s S S k e l l y , 1 9 8 2 ; 
R e i n e r t a l . , 1 9 8 2 a n d B y t n e r o w i c z Q T a y l o r , 1 9 8 3 ) . 
T h e p r o n o u n c e d e f f e c t o f p o l l u t a n t s , a l o n e o r i n 
c o m b i n a t i o n , o n t h e g r e a t e r r e d u c t i o n i n r o o t b i o m a s s i n c r e m e n t t h a n 
i n s h o o t b i o m a s s i n c r e m e n t i s g e n e r a l l y d u e t o t h e s e v e r e e f f e c t o f 
t h e s t r e s s o n U f e t i m e r e s o u r c e a l l o c a t i o n i . e . d r y m a t t e r / b i o m a s s 
a l l o c a t i o n w i t h t h e p l a n t s ( O s h i m a e t a l . , 1 9 7 8 ; B e n n e t t e ^ a l . , 1 9 7 9 
a n d R e i n e r t e t a l . , 1 9 8 2 ) , o r b i o m a s s p a r t i t i o n i n g / p a r t i t i o n i n g o f 
p h o t o s y n t h a t e b e t w e e n r o o t s a n d s h o o t s ( K o z l o w s k i 6 C o n s t g t i n i d o u , 
1 9 8 6 ; L e c h o v v i c z , 1 9 8 7 ) . 
T h e n e t e f f e c t o f t h e s e c h a n g e s o n a l l o c a t i o n p r i o r i t i e s 
i s t o r e d u c e t h e r o o t : s h o o t r a t i o u n d e r p o l l u t i o n r e g i m e s , e s p e c i a l l y 
t h o s e i n v o l v i n g e x p o s u r e t o a n d S O 2 . T h e i m p o r t o f a n a l t e r e d 
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r o o t : s h o o t r a t i o l i e s i n t h e p o s s i b i l i t y t h a t t h e a c q u i s i t i o n o f 
c a r b o n , e n e r g y , w a t e r a n d n u t r i e n t r e s o u r c e s w i l l b e i m p a i r e d , t h u s 
a g g r a v a t i n g t h e d e l e t e r i o u s e f f e c t s o f t h e p o l l u t a n t s i t s e l f . F o r 
e x a m p l e , p o l l u t e d p l a n t s m a y b e m o r e v u l n e r a b l e t o d r o u g h t s t r e s s 
s i n c e p r o p o r t i o n a t e l y l e s s r o o t i s • a v a i l a b l e t o s u p p l y w a t e r t o t h e 
t r a n s p i r i n g l e a v e s . S i m i l a r l y r e d u c e d r o o t g r o w t h m a k e s p o t e n t i a l l y 
m o r e d i f f i c u l t n o t o n l y t h e a c q u i s i t i o n o f w a t e r b u t a l s o n u t r i e n t 
r e s o u r c e s . F u r t h e r , s i n c e l e a v e s a c c o u n t f o r e s s e n t i a l l y f o r 
t r a n s p i r a t i o n a n d h a v e h i g h e r n u t r i e n t c o n c e n t r a t i o n s t h a n s t e m t i s s u e , 
a n y d i s p r o p o r t i o n a t e c h a n g e s i n l e a f t o s t e m b i o m a s s u n d e r p o l l u t i o n 
r e g i m e s c a n p o t e n t i a l l y a m p l i f y t h e d e l e t e r i o u s e f f e c t s o f t h e r e d u c e d 
r o o t : s h o o t r a t i o s . 
I t i s , t h u s , e s t a b l i s h e d t h a t t h e e n v i r o n m e n t a l p o l l u t a n t s 
c a u s e g r i e v o u s i n j u r y t o p l a n t p a r t s a n d t i s s u e s , a f f e c t i n g t h e r e b y a 
s u b s t a n t i a l i n h i b i t i o n i n p h o t o s y n t h e t i c r a t e a n d v a r i o u s m e t a b o l i c 
a c t i v i t i e s f i n a l l y c a u s i n g r e d u c e d g r o w t h a n d y i e l d o f v a r i o u s p l a n t 
s p e c i e s . I n t h e p r e s e n t i n v e s t i g a t i o n f l o w e r f o r m a t i o n a n d f r u i t s e t 
h a v e w e r e a f f e c t e d a d v e r s e l y i n t h e t w o s p e c i e s u n d e r s t u d y . T h e r e 
w a s a g r a d u a l a n d s t e a d y l o s s i n t h e n u m b e r o f f l o w e r s w i t h r e f e r e n c e 
t o t h e i n c r e a s i n g d i s t a n c e f r o m p o l l u t i o n s o u r c e , t h e m a x i m u m b e i n g 
2 0 . 1 5 % a n d 6 1 . 8 5 % i n C . s o p h e r a a n d S . r h o m b i f o l i a , r e s p e c t i v e l y , 
o v e r t h e r e f e r e n c e s i t e E . S i m i l a r f i n d i n g s w i t h r e f e r e n c e t o f l o w e r 
f o r m a t i o n w e r e r e p o r t e d i n b e a n a n d p e a s ( T r e s h o w , 1 9 7 0 ) , B e g o n i a 
s p e c i e s ( A d e d i p e e ^ , 1 9 7 2 ; R e i n e r t Q N e l s o n , 1 9 8 0 ) , s o y b e a n 
( H e a g l e ^ , 1 9 7 4 ) , P h a s e o l o u s a u r i o u s ( S h a r m a a R a o , 1 9 8 5 ) , 
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K e n t u c h y b l u e g r a s s ( W h i t m o r e 8 M a n s f i e l d , 1 9 8 3 ) a n d B e g o n i a 
( R e i n e r t , 1 9 8 4 ) . 
A i r p o l l u t a n t s o f t e n d e c r e a s e t h e n u m b e r a n d q u a l i t y o f t h e 
f l o w e r s o f a n g i o s p e r m s ( S p a l d i n g , 1 9 6 6 ; G u d e r i a n 8 S t r a t m a n n , 1 9 6 8 ) 
a n d g y m n o s p e r m s ( S a t o o , 1 9 7 9 ) . As e a r l y a s 1 9 7 0 , T r e s h o w 
a t t r i b u t e d t h e l o s s i n t h e n u m b e r a n d d e v e l o p m e n t o f f l o w e r s a n d 
i n f l o r e s c e n c e s t o a i r p o l l u t a n t s - i n d u c e d - i m b a l a n c e i n t h e l e a f m i n e r a l 
n u t r i t i o n p a r t i c u l a r l y z i n c . H e f u r t h e r s h o w e d t h a t d e f i c i e n c y o f 
z i n c i n h i b i t s t h e s y n t h e s i s o f t r y p t o p h a n e m o l e c u l e f r o m w h i c h a u x i n 
i s p r o d u c e d w h i c h i s r e s p o n s i b l e f o r t h e n o r m a l f l o w e r d e v e l o p m e n t . 
T h i s s u g g e s t i o n w a s l a r g e l y b a s e d o n t h e f a c t t h a t f l o w e r p r o d u c t i o n 
w a s i n c r e a s e d a b o u t 1 0 0 t i m e s w h e n z i n c s u p p l y w a s r a i s e d t o n o r m a l 
l e v e l s b e c a u s e a t l o w l e v e l s o n l y a f e w f l o w e r s a n d i n f l o r o s c e n c e s 
w e r e f o r m e d a n d t h e s e w e r e m o s t l y a b o r t e d ( R i c e m a n 6 J o n e s , 1 9 5 8 ) . 
L a t e r S O 2 w a s a l s o r e p o r t e d t o i n h i b i t i n i t i a t i o n o f t h e f l o w e r i n g a n d 
c a u s e e a r l y s e n e s c e n c e o f f l o w e r s i n P h a s e o l u s a u r e a u s ( S h a r m a 8 
R a o , 1 9 8 5 ) . T h i s c o n f i r m e d t h e o b s e r v a t i o n s o f B e l l a n d C l o u g h 
( 1 9 7 3 ) . T h e d e c r e a s e d r e p r o d u c t i v e g r o w t h w i t h r e f e r e n c e t o 
f l o w e r i n g i n a f f e c t e d p l a n t s , a c c o r d i n g t o B o n t e ( 1 9 8 2 ) , w a s 
l a r g e l y m e d i a t e d t h r o u g h a d e c r e a s e d p h y s i o l o g i c a l e f f i c i e n c y o f 
i n j u r e d l e a v e s . B e s i d e s , t h e d i r e c t d e l e t e r i o u s e f f e c t s o n t h e f l o r a l 
f u n c t i o n d u e t o a i r p o l l u t i o n h a v e b e e n n i c e l y d o c u m e n t e d b y B o n t e 
( 1 9 8 2 ) , D u b a y a n d M u r d y ( 1 9 8 3 ) a n d W a t s o n a n d C a s p e r ( 1 9 8 4 ) . 
V a r i o u s a i r p o l l u t a n t s h a v e b e e n r e p o r t e d t o c a u s e i n h i b i t i o n o f t h e 
m e c h a n i s m o f f l w e r i n g b y i n j u r i n g l e a v e s w h i c h m a y d e c r e a s e t h e 
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a m o u n t o f a v a i l a b l e c a r b o h y d r a t e , h a r m o n a l g r o w t h r e g u l a t o r s a n d 
p h y s i o l o g i c a l e f f i c i e n c y o f t h e f o l i a g e ( K o z l o w s k i S C o n s t a n t i n i d o u , 
1 9 8 6 ) . 
I n t h e p r e s e n t i n v e s t i g a t i o n , t h e o b s e r v e d r e d u c t i o n i n 
t h e n u m b e r o f f l o w e r s m a y b e e x p l a i n e d o n t w o g r o u n d s ; ( 1 ) T h e 
l o s s m i g h t h a v e s t e m m e d f r o m m o r p h o g e n e t i c c o n s t a n t s , s u g g e s t W a t s o n 
a n d C a S p e r ( 1 9 8 4 ) , a r i s i n g f r o m a l t e r e d a l l o c a t i o n t o v e g e t a t i v e 
t i s s u e s , ( 2 ) F o r m a t i o n o f t h e g a s e o u s a n d c o a l d u s t s c r e e n d u r i n g 
t h e d a y a t t h e p r e s e n t e x p e r i m e n t a l s i t e s c a u s i n g s h a d e a n d r e d u c i n g 
l i g h t i n t e n s i t y , m i g h t b e a n o t h e r r e a s o n f o r h i n d e r i n g t h e f l o r a l 
i n t i a t i o n a s s u g g e s t e d b y P e r e i r a ( 1 9 7 5 ) a n d J a c k s o n a n d P a l m a r 
( 1 9 7 7 ) . I n t h e p r e s e n t i n v e s t i g a t i o n , h o w e v e r , t h e r e w a s a 
s u b s t a n t i a l i n c r e a s e i n t h e n u m b e r o f f l o w e r s i n b o t h t h e s p e c i e s a t 
s i t e D a f t e r s h o w i n g a g r a d u a l d e c r e a s e u p t o s i t e C . T h e o n l y 
p l a u s f c b l e e x p l a n a t i o n t o u n d e r s t a n d t h i s t r e n d w o u l d b e t o p r e s u m e 
t h a t t h e p o l l u t a n t s w h i l e m o v i n g a w a y f a r t h e r f r o m s i t e C , g r a d u a l l y 
d i s p e r s e a n d t h e c o n c e n t r a t i o n b e c o m e l i g h t e r a n d l i g h t e r t o c a u s e 
l e s s d a m a g e t o f l o w e r s . 
O n t h e w h o l e , t h e r e d u c t i o n i n t h e n u m b e r o f f l o w e r s 
i n d i r e c t l y m e a . i s t h e l o s s i n t h e t o t a l n u m b e r o f f r u i t s . T h e h i g h e s t 
l o s s i n t h e y i e l d w i t h r e f e r e n c e t o t o t a l n u m b e r o f f r u i t s p e r p l a n t 
w a s ( 7 2 . 1 8 % ) , i n S . r h o m b i f o U a a n d 3 3 . 3 3 % i n C . s o p h e r a a t s i t e C 
c o m p a r e d t o t h e c o r r e s p o n d i n g i n s i g n i f i c a n t v a l u e s o f 1 . 1 5 % a n d 
1 1 . 8 3 % r e s p e c t i v e l y o b s e r v e d a t 1 / 2 k m d i s t a n c e f r o m p o l l u t i o n 
s o u r c e . S i m i l a r f i n d i n g s w i t h f r u i t n u m b e r w e r e r e p o r t e d b y d e O n g 
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( 1 9 ^ ) i n a p r i c o t , M i l l e r e ^ a j . . 1 9 5 2 ) i n a p p l e , p l u m , p r u n u s 
a n d p e a c h , S c h e f f e r a n d H e d g c o c k ( 1 9 5 5 ) i n P i n u s , L e o n o r d a n d 
G r a v e s ( 1 9 6 6 ) i n o r a n g e , T h o m p s o n a n d T a y l o r ( 1 9 6 6 , 1 9 6 9 ) a n d 
L e o n o r d a n d G r a v e s ( 1 9 7 0 ) i n c i t r u s , M i l l e r ( 1 9 7 3 ) i n P i n u s a n d 
L a r i x , M a n n i n g a n d V a r d a r o ( 1 9 7 4 ) i n t o m a t o , G h o u s e a n d A m a n i 
( 1 9 7 9 ) i n D a l b e r g i a a n d A m a n i ( 1 9 8 2 ) i n s o m e r o a d - s i d e w e e d s . 
A p e r u s a l o f l i t e r a t u r e r e v e a l s t h a t s e v e r a l a i r p o l l u t a n t s 
d e c r e a s e d y i e l d o f e d i b l e f r u i t s a n d c r o p s , a n d t h e l a s s i n t h e y i e l d 
i n a p a r t i c u l a r c r o p o r f r u i t t r e e s i s s y m p t o m a t i c o f a s i n g l e 
p o l l u t a n t . G u d e r i a n a n d S t r a t m a n n ( 1 9 6 8 ) o b s e r v e d t h a t S O 2 r e d u c e d 
f r u i t y i e l d o f M a l l u s c o m m u n i s t o 2 5 . 0 0 % o f t h e c o n t r o l s . ' T h e 
r e d u c t i o n i n f r u i t y i e l d o f C i t r u s , s o m e t i m e s a s m u c h a s 5 0 . 0 0 % , 
w a s r e c o r d e d b y T h o m p s o n a n d T a y l o r ( 1 9 6 9 ) b y p h o t o c h e m i c a l 
o x i d a n t s . O z o n e r e d u c e s f r u i t y i e l d i n t o m a t o ( O s h i m a e t , 1 9 7 5 , 
1 9 7 7 ; R e n d e r s s o n Q R e i n e r t , 1 9 7 9 ) p e p p e r ( B e n n e t e t a J . . . 1 9 7 9 ) w h e a t 
( H e a g l e ^ a l ^ . , 1 9 7 9 ) , s n a p b e a n s ( H e g g e s t e d e ^ a _ l . , 1 9 8 0 ) a n d r e d 
k i d n e y b e a n s ( K o h u t a L a u r e n c e , 1 9 8 3 ) . I t a l s o r e d u c e s k e r n a l 
n u m b e r i n m a i z ( H e a g l e e ^ a l . . , 1 9 7 2 ; T h o m p s o n e ^ , 1 9 7 6 ; H e a g l e 
1 9 7 9 ) . 
I t i s t h o u g h t t h a t t h e e n h a n c e d l e a f f a l l ( d e O n g , 1 9 4 6 ) , 
l e a f s i z e r e d u c t i o n a n d d a m a g e i n t e r m s o f g r e e n a r e a ( B r e w e r e ^ 
£ l . , 1 9 6 7 ; P r a s a d ^ a l . , 1 9 7 8 ) , s h o r t e n e d l e a f l i f e a n d r e d u c e d 
f l o w e r s e t ( B r e w e r e ^ a _ l . , 1 9 6 7 ) m i g h t b e a c o u p l e o f f a c t o r s c a u s i n g 
l o s s i n f r u i t y i e l d p e r p l a n t K a t z ( 1 9 4 9 ) c l a i m e d t h a t e v e n 5 . 0 0 % 
d a m a g e d l e a f a r e a d u e t o S O 2 p o l l u t i o n m a y c a u s e a s u b s t a n t i a l 
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r e d u c t i o n i n c r o p y i e l d . H o l m e s ^ a l , . ( 1 9 1 5 ) , H i l l a n d T h o m a s 
( 1 9 3 3 ) , S w a i n a n d J o h n s o n ( 1 9 3 6 ) a n d B r i s l e y a n d J o n e s ( 1 9 5 0 ) w h i l e 
w o r k i n g o n y i e l d o f B a r l e y , a l f a l f a a n d w h e a t , r e s p e c t i v e l y , r e p o r t e d 
a d i r e c t c o r r e l a t i o n b e t w e e n y i e l d r e d u c t i o n a n d t h e a m o u n t o f l e a f 
d a m a g e d u e t o S O 2 . L a t e r , B r e w e r e ^ a l . ( 1 9 6 6 ) , P a c k ( 1 9 6 6 ) , 
H i t c h c o c k e ^ ( 1 9 7 1 ) , L e o n e a n d G r e e n e ( 1 9 7 4 ) , T h o m p s o n e t a ^ . , 
( 1 9 7 6 ) , B e n n e t e ^ a l . ( 1 9 8 0 ) , H e g g e s t e d a l . . ( 1 9 8 0 ) a n d A m a n i 
( 1 9 8 2 ) a l s o n o t e d t h e r e d u c e d y i e l d d u e t o p o l l u t i o n a n d f o u n d t h i s 
l o s s t o b e p a r a l l e l , i n e x t e n t , t o l e a f a r e a d a m a g e . 
S i n c e t h e p r e s e n t s i t e o f i n v e s t i g a t i o n c o n t a i n s m o r e t h a n 
o n e p o l l u t a n t s ( S O 2 b e i n t h e m a j o r o n e ) i t w i l l b e w o r t h w h i l e t o l o o k 
f o r t h e e f f e c t s o f p o l l u t a n t s i n c o m b i n a t i o n . F o r e x a m p l e o z o n e a l o n e 
( R e i c h ^ a j , . , 1 9 8 2 ; K r e s s Q M i l l e r , 1 9 8 3 ) a n d i n c o m b i n a t i o n w i t h 
S O 2 ( R e i c h e ^ a l . . , 1 9 8 2 ) r e d u c e s t h e y i e l d o f s o y a b e a n , w h e r e a s S O ^ 
a l o n e m a y h a v e e i t h e r n o e f f e c t ( D e v i s , 1 9 7 2 ; R e i c h e t a l . , 1 9 8 2 ) 
o r m a r k e d l y n e g a t i v e e f f e c t ( S p r u g e l e ^ a l . , 1 9 8 0 ; I r v i n g 6 M i l l e r , 
1 9 8 1 ; A m u n d s o n , 1 9 8 3 ) o n s o y a b e a n y i e l d . T h e s e c o n t r a s t i n g r e s u l t s , 
a s o p i n e d b y L e c h o w i c z ( 1 9 8 7 ) , m a y r e f l e c t t h e c o n f o u n d i n g e f f e c t s 
o f d e t e r m i n a t e v e r s u s i n d e t e r m i n a t e f l o w e r i n g h a b i t s i n s o y " ^ b e a n 
v a r i e t i e s . F u r t h e r , d e p r e s s i o n o f s o y ' ^ b e a n y i e l d b y S 0 „ i n 
c o m b i n a t i o n w i t h N O 2 h a s b e e n r e p o r t e d b y A m u n d s o n ( 1 9 8 3 ) . I n 
g e n e r a l , a i r p o l l u t i o n s t r e s s , e s p e c i a l l y i n t h e c a s e o f o z o n e 
e x p o s u r e , h a s n e g a t i v e e f f e c t s o n t h e r e p r o d u c t i v e s u c c e s s o f t h e 
h e r b a c i o u s s p e c i e s s t u d i e d s o f a r ( L e c h o w i z , 1 9 8 7 ) . 
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T h e r e s u l t s o f t h e p r e s e n t a s w e l l a s e a r l i e r 
i n v e s t i g a t i o n s c o n c l u s i v e l y e s t a b l i s h t h a t s e v e r e d a m a g e t o t h e f o l i a g e 
d u e t o p o l l u t a n t / s m i g h t b e t h e p r i n c i p a l f a c t o r c a u s i n g l o s s i n 
f r u i t / p o d y i e l d o f t r e e o r c r o p p l a n t . H o w e v e r , o n e v e r y i m p o r t a n t 
f a c t o r w h i c h i s n o t c o m m o n l y t a k e n i n t o c o n s i d e r a t i o n i s t h e f a i l u r e 
o f p o l l i n a t i o n o r f e r t i l i z a t i o n i m p e d i n g t h e f o r m a t i o n o f f r u i t . 
A l t h o u g h t h i s f a c t o r h a s n o t b e e n s t u d i e d i n t h e p r e s e n t 
i n v e s t i g a t i o n , t h e r e a r e s t r o n g r e a s o n s t o s u g g e s t t h a t p o l l i n a t i o n 
( a n d f e r t i l i z a t i o n ) m i g h t c a u s e t h e l o s s t o p o d / c a p s u l e p r o d u c t i o n . 
T h e s t u d y o f P a c k ( 1 9 6 6 ) s h o w e d t h a t l o w l e v e l s o f h y d r o g e n 
f l u o r i d e c a u s e c a l c i u m p r e c i p i t a t i o n a n d i n s u f f i c i e n t c a l c i u m a d v e r s e l y 
a f f e c t s p o l l e n g e r m i n a t i o n , a s a l s o s u g g e s t e d b y B r e w b a k e r a n d K w a c k 
( 1 9 6 3 ) . A l t h o u g h t h e s p e c i f i c c a u s e o f p o l l u t a n t - i n d u c e d s t e r i l i t y 
r e s u l t i n g i n t h e f a i l u r e o f f e r t i l i z a t i o n c o u l d n o t b e w o r k e d o u t , 
M u r d y ( 1 9 7 9 ) s u g g e s t s t h a t i t m a y i n v o l v e a c i d i f i c a t i o n o f t h e m e d i u m 
i n w h i c h p o l l e n t u b e m u s t g r o w . A c c o r d i n g t o h i m , e p i d e r m a l c e l l s 
o f t h e s t i g m a p r o d u c e a w a t e r y , s u g a r y s e c r e t i o n w h i c h b e c o m e s t h e 
m e d i u m f o r p o l l e n g e r m i n a t i o n a n d e a r l y p o l l e n - t u b e g r o w t h . I f t h e 
l i q u i d a b s o r b s S O 2 a n d b e c o m e s a c i d i f i e d o r o t h e r w i s e t o x i c , 
g e r m i n a t i o n o f p o l l e n a n d / o r p o l l e n t u b e g r o w t h m a y b e s u p p r e s s e d 
o r i n h i b i t e d . K a r n o s k y a n d S t a i r s ( 1 9 7 4 ) f o u n d t h a t S O 2 a c i d i f i e d 
t h e m e d i a u s e d i n t h e i r i n v i t r o s t u d i e s f r o m p H 7 t o 5 a n d t h a t 
t h e l o w e r p H r e t a r d e d b o t h p o l l e n g e r m i n a t i o n a n d p o l l e n - t u b e g r o w t h 
a n d t h u s f e r t i l i z a t i o n w o u l d b e p r e v e n t e d . C o n s e q u e n t l y l e s s 
n u m b e r o f f r u i t s a r e p r o d u c e d . A m a n n i ( 1 9 8 2 ) w o r k e d o u t t h e a m o u n t 
o f p o l l e n s t e r l i t y i n d u c e d b y a i r p o l l u t i o n i n C a s s i a o c c i d e n t a l i s 
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w h i c h c o n s e q u e n t l y f a i l e d t o p o l l i n a t e o r f e r t i l i z e t h e e g g r e s u l t i n g 
i n t o l o s s o f y i e l d . T h i s t y p e o f d i r e c t i n j u r y t o t h e r e p r o d u c t i v e 
s t r u c t u r e ( H e c k e ^ , 1 9 7 3 ; T r e s h o w a S t e w a r t , 1 9 7 3 ) w a s t e r m e d 
a r e " p h y s i o l o g i c a l i n j u r i e s " b y T r e s h o w ( 1 9 7 0 ) a n d T r e s h o w a n d 
A n d e r s o n ( 1 9 8 9 ) , a l t h o u g h e a c h i n j u r y i s b a s i c a l l y p h y s i o l o i c . 
I t i s w e l l k n o w n t h a t t h e a m o u n t o f p h o t o s y n t h e t i c a r e a 
o f t h e l e a v e s i s d i r e c t l y p r o p o r t i o n a l t o t h e p h o t o s y n t h e t i c a c t i v i t y 
b a s e d o n t h e q u a n t i t y o f c h l o r o p l a s t p i g m e n t . T h e a m o u n t o f t o t a l 
c h l o r o p h y l l i n C a s s i a s o p h e r a w a s f o u n d t o b e d e c r e a s e d a t a l l t h e 
s i t e s a t t h e p r e - f l o w e r i n g s t a g e ; t h e m a x i m u m l o s s b e i n g a t 6 k m 
d i s t a n c e f r o m p o l l u t i o n s o u r c e . W h e r e a s i n S i d a r h o m b l f o U a , t h e 
m a x i m u m l o s s o b s e r v e d w a s a t ' / 2 k m d i s t a n c e . S i m i l a r l y a t t h e 
o n s e t o f t h e f l o w e r i n g , t h e l o s s o f t o t a l c h l o r o p h y l l s i g n i f i c a n t l y 
d e c r e a s e i n b o t h g e n e r a . A s i g n i f i c a n t d e p a r t u r e f r o m t h e t r e n d s 
e x h i b i t e d b y o t h e r t r a i t s b e i n g , t h a t t h e m a x i m u m l o s s o f 
c h l o r o p h y l l i n t h e p o s t f l o w e r i n g s t a g e o f b o t h t a x a o c c u r r e d 
a t 2 k m d i s t a n c e f r o m t h e s o u r c e . 
o. 
I n t h e p r e - f l o w e r i n g s t a g e t h e a m o u n t o f c h l o r o p h y l l i s 
s i g n i f i c a n t l y r e d u c e d w h i l e c h l o r o p h y l l b i s c o m p a r a t i v e l y l e s s 
a f f e c t e d . T h e t r e n d i s h o w e v e r , r e v e r s e d a t t h e f l o w e r i n g a n d p o s t -
f l o w e r i n g s t a g e s w h e r e t h e m o s t a f f e c t e d p i g m e n t i s c h l o r o p h y l l b . 
T h i s a b e r r a t i o n c o u l d n o t b e ^ c e r t a i n e d t o b e c a u s e d b y s u l p h u r 
d i o x i d e a l o n e e v e r t h o u g h i t h a p p e n s t o b e a m a j o r p o l l u t a n t i n 
a d d i t i o n t o c a r b o n m o n o o x i d e , n i t r o g e n o x i d e e t c . b e i n g e m m i t t e d 
f r o m t h e p o w e r p l a n t . 
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F u r t h e r , G u p t a a n d G h o u s e ( 1 9 8 7 ) r e p o r t e d t h a t i n F i c u s 
b e n g h a l e n s i s t h e l o s s o f c h l o r o p h y l l a w a s m o r e a s c o m p a r e d t o 
c h l o r o p h y l l b u n d e r s i m i l a r c i r c u m s t a n c e s . C o n t r a r y t o t h e s e 
o b s e r v a t i o n s , t h e p i g m e n t t h a t w a s s i g n i f i c a n t l y r e d u c e d i n a m o u n t 
w a s c h l o r o p h y l l b r a t h e r t h a n c h l o r o p h y l l a i n A b u t i l o n i n d i c u m , 
A c h y r a n t h u s a s p e r a . C a s s i a o c c i d e n t a l l s a n d X a n t h i u m s t r u m a r i u m 
( A m a n i , 1 9 8 2 ) . 
I n t h e l a t e t w e n t i e s , N o a k ( 1 9 2 9 ) o b s e r v e d t h a t S Q ^ 
i n a c t i v a t e d i r o n i n t h e c h l o r o p h l a s t , i n t e r f e r i n g w i t h i t s c a t a l y t i c 
p r o p e r t i e s . H e b e l i e - ^ ' e s t h a t t h i s i n t e r f e r e n c e w a s t o p r o m o t e t h e 
s e c o n d a r y p r o c e s s w h i c h t a k e d o w n t h e c h l o r o p h y l l a n d k i l l e d c e l l . 
L a t e r , D o r r i e s ( 1 9 3 2 ) w h i l e w o r k i n g o n c h l o r o p l a s t s e n s i t i v i t y t o 
p o l l u t a n t s , p r o p o s e d t h a t S O ^ c a u s e d a l o c a l a c i d i t y w h i c h s p l i t M g 
f r o m c h l o r o p h y l l c o n v e r t i n g i n t o p h e o p h y t i n . T h i s p h e o p h y t i n , t h e n 
a c c u m u l a t e d a t t h e e x p e n s e o f c h l o r o p h y l l c a u s i n g c h l o r o s i s a n d t h e 
r e d u c e d p h o t o s y n t h e s i s . R a o a n d L e B l a n c ( 1 9 6 6 ) w o r k e d o u t a 
m e c h a n i s m t o o s h o w a s t o h o w t h e a m o u n t o f c h l o r o p h y l l i s r e d u c e d 
u n d e r t h e i m p a c t o f S O 2 p o l l u t i o n . A c c o r d i n g t o h i m , t h e c e l l u l a r 
p H c o n d i t i o n s a r e t h e t r i g g e r s , a t p H 2 . 2 - 3 . 5 , t h e f r e e H"*" i o n s 
g e n e r a t e d i n t h e c e l l f r o m s p l i t t i n g o f H 2 S O 2 i n t o S O ^ a n d h"^ , 
+ + 
d i s p l a c e t h e M g f r o m t e t r a p y r r o l r i n g o f c h l o r o p h y l l m o l e c u l e 
t o d e g r a d e t h e m i n t o p h e o p h y t i n m o l e c u l e s , a p h o t o s y n t h e t i c a l l y 
i n a c t i v e b r o w n p i g m e n t i . e . a c h l o r o p h y l l d e g r a d a t i o n p r o d u c t w h i c h 
d o e s n o t h e l p c o n t i n u a t i o n o f t h e n o r m a l p h o t o s y n h e t i c p r o c e s s e s s 
t h e r e b y c a u s i n g t h e o b s e r v e d d e c r e a s e i n t h e t o t a l c h l o r o p h y l l 
c o n t e n t i n t h e p o l l u t e d l e a f s a m p l e . 
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A t p H a b o v e 3 . 5 , S O 2 m a y a f f e c t t h y l a k o i d m e m b r a n e o f 
t h e c h l o r o p l a s t b y o x i d a t i o n o f c a r o t e n o i d t h r o u g h g e n e r a t i o n o f O 2 
( s u p e r o x i d e r e c ' i c l e s ) f r o m H S O ^ ( P e i s e r Q Y a n g , 1 9 7 8 ) . O n c e t h e 
c a r o t e n o i d p r o t e c t i o n i s l o s t , t h e c h l o r o p h y l l m o l e c u l e s g e t o x i d i s e d 
a n d r e d u c e d q u a n t i t a t i v e l y , d e c r e a s i n g t h e p h o t o s y n t h e t i c a b i l i t y 
o f t h e p l a n t . K e e p i n g t h i s p h e n o m e n o n i n v i e w , a p e r u s a l o f t h e 
r e c o r d e d o b s e r v a t i o n s o n c a r o t e n o i d c o n c e n t r a t i o n i n C a s s i a s o p h e r a 
a n d S i d a r h o m b i f o l i a r e v e a l t h a t a l m o s t h a l f o f t h e c a r o t e n o i d s a r e 
l o s t a t t h e p r e - f l o w e r i n g s t a g e t h e r e b y c a u s i n g t h e m a x i m u m d a m a g e 
t o c h l o r o p h y l l p i g m e n t s . I t h a s b e e n f u r t h e r o p i n e d t h a t t h e f r e e 
r e d i c l e ( 0 ~ ) i n p r e s e n c e o f s u p e r o x i d e d i s m u t a s e m a y i n c r e a s e t h e 
l e v e l o f w h i c h i n t u r n m a y c a u s e o x i d a t i o n o f 
c h l o r o p h y l l m o l e c u l e i n p r e s e n c e o f p e r o x i d a s e a n d t h e r e b y r e d u c e 
t h e c h l o r o p h y l l p i g m e n t i n t h e c e l l . I t i s f u r t h e r s u g g e s t e d t h a t 
i n t h e p r e s e n c e o f S O 2 , p ^ ^ x i d a s e l e v e l i n c r e a s e s w h i c h r e d u c e s 
t h e l e v e l o f a s c o r b i c a c i d , a s u b s t a n c e o f m a n y f o l d f u n c t i o n i n t h e 
p l a n t c e l l , i n t o d e h y d r o a s c o r b i c a c i d ( K e l l e r S S c h w a g e r , 1 9 7 7 ; 
N a n d i 1 9 8 4 ) . S i n c e a s c o r b i c a c i d h e l p s i n c h l o r o p h l l o t e s 
s y n t h e s i s , i t s r e d u c t i o n i n h i b i t s t h i s s y n t h e s i s a n d c a u s e s d e c r e a s e 
i n c h l o r o p h y l l p i g m e n t . 
I n t h e p r e s e n t s t u d y , c h l o r o p h y l l b i s m o r e i n a m o u n t 
t h a n c h l o r o p h y l l a , a n d t h e l a t t e r d e c r e a s e m o r e r a p i d l y t h a n t h e 
f o r m e r . T h i s t r o n d i s i n c o n f o r m i t y w i t h r e p o r t s o f S u n d e r l a n d 
( 1 9 6 7 ) . I n O a k l e a v e s a t e n d e n c y f o r c h l o r o p h y l l a t o b e 
d e s t r o y e d m o r e q u i c k l y t h a n c h l o r o p h y l l b w a s r e p o r t e d b y S a n g e r 
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(1971). D u r i n g t h e e i g h t i e s C h o u d h u r i a n d S i n h a ( 1 9 8 2 ) o n C a s s i a 
t o r a , P e r i a s a m y a n d V i v e k a n a n d a n ( 1 9 8 2 ) o n L e u c a s , T e p h r o s i a , A m a n i 
( 1 9 8 2 ) o n v a r i o u s r a i n y s e a s o n w e e d s , P a w a r a n d D u b e y ( 1 9 8 5 ) o n 
C 
I p o m e a f i s t u l a a n d P h o e n i x s y l v e s t r i s , M i s h r a a n d S h u k l a ( 1 9 8 ^ ) o n 
M a i z a n d S o y a b e a n a n d M a s s e t ^ a l . ( 1 9 8 8 ) i n S p i n a c h , r e p o r t e d a 
s i m i l a r c a s e w i t h r e s p e c t t o t h e r a p i d d e c r e a s e o f c h l o r o p h y l l a 
t h a n c h l o r o p h y l l b . T h i s p h e n o m e n o n m a y b e a s c r i b e d e i t h e r t o t h e 
p r e d o m i n a n c e o f p h o t o s y s t e m I I ( S a l i s b u r y a R o s e , 1 9 7 4 ) o r t o t h e 
a d v e r s e e n v i r o n m e n t a l c o n d i t i o n f o r g r o w t h ( B l a c k 8 M a y n e , 1 9 7 0 ; 
C h a n g 8 T r o u g h t o n , 1 9 7 2 ) . 
E l e m e n t s a s s o c i a t e d w i t h v e r y s m a l l p a r t i c l e s t h a t a r e 
( 
t y p i c a l o f c o m b u s t i o n s o u r c e s ( b e l o w t w o / d i ^ n d i a m e t e r ) c o n t i n u a l l y 
e m m i t i n g f r o m c o a l - f i r e d T h e r m a l P o w e r P l a n t s w o u l d b e m o r e 
s u s c e p t i b l e t h a n s o i l o r c l a y p a r t i c l e s t o d i s s o l u t i o n i n a c i d r a i n 
w a t e r a n d c o u l d c o n t r i b u t e t o t h e t r u e l e a f c o n t e n t . T h e e l e m e n t s 
a s c o p p e r , i r o n , z i n c e t c . f a l l i n t h i s c a t e g o r y . E l e m e n t s , s u c h 
a s s u l p h u r , a r e r e a d i l y t a k e n u p b y p l a n t l e a v e s f r o m t h e g a s e o u s 
p h a s e a n d c o n t r i b u t e t o o r , i n e x t r e m e c a s e s , g e o p a r d i s e t h e h e a l t h 
o f t h e p l a n t . 
C o p p e r i s a n e s s e n t i a l m i c r o n u t r i e n t f o r n o r m a l p l a n t 
m e t a b o l i s m . I t a c t s a s a c o m p o n e n t o f s e v e r a l e n z y m e s i n v o l v e d i n 
c a r b o h y d r a t e , n i t r o g e n a n d c e l l w a l l m e t a b o l i s m . F u r t h e r , i t i s 
i m p o r t a n t w i t h r e f e r e n c e t o s e e d p r o d u c t i o n , d e s e a s e r e s i s t a n c e a n d 
w a t e r r e l a t i o n s i n t h e p l a n t ( B u s s l e r , 1 9 8 1 ) . 
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I n t h e p r e s e n t i n v e s t i g a t i o n C . s o p h e r a s h o w s v a r y i n g d e g r e e 
o f l o s s o f c o p p e r ( 2 . 2 7 t o 2 2 . 1 0 % ) a t t h e s i t e s o f m o d e r a t e t o h i g h 
p o l l u t i o n toad a n d a t thv! v a r i o u s s t a g e s o f p l a n t g r o w t h . C o n v e r s e l y , i n 
S . r h o r n b i f o l i a t h e l o s s i s c o n f i n d o n l y a t t h e p r e - f l o w e r i n g s t a g e a n d 
r a n g e s f r o m 2 . 5 0 % t o 1 0 . 0 0 % o n l y . I n t e r e s t i n g l y , t h i s s p e c i e s s h o w s 
a n o t a b l e a c c u ; n u l a t i o n ( 6 . 2 5 t o 3 4 . 6 6 % ) o f c o p p e r . T h e s e o b s e r v a t i o n s 
t o t a l l y a g r e e w i t h t h o s e o f M i t c h e l l a n d B u r r i d g e ( 1 9 8 0 ) w h o o p i n e d 
t h a t p l a n t s p e c i e s v a r y i n t h e i r a b i l i t y o f e x t r a c t i n g m e t a l s f r o m t h e 
s o i l s , a n d i n d i s t r i b u t i o n o f a n e l e m e n t a m o n g d i f f e r e n t p l a n t p a r t s 
t h a t d i f f e r s w i t h s e a s o n a n d t h e s t a g e o f p l a n t g r o w t h . A p p r e c i a t i o n 
o f s u c h f a c t o r s i s e s s e n t i a l f o r t h e c o r r e c t i n t e r p r e t a t i o n o f a 
d i a g n o s t i c ^ p l a n t a n a l y s i s ( B e r r o w 8 B u r r i d g e , 1 9 9 1 ) . 
A s a r e s u l t o f c o a l c o m b u s t i o n c o p p e r i s p r e s e n t i n t h e 
a t m o s p h e r e a t t h e s t u d y s i t e s , y e t C . s o p h e r a e x p e r i e n c e s a n 
a p p r e c i a b l e c o p p e r d e f i c i e n c y . T h i s p h e n o m e n o n c a n b e e x p l a i n e d w i t h 
t h e h e l p o f n u t r i e n t l e a c h i n g p r o c e s s . W r i g h t a l . ( 1 9 7 6 ) 
d e m o n s t r a t e d t h a t i n c r e a s i n g a c i d i t y o f r a i n w a t e r p r o m o t e s l e a c h i n g 
o f t h e n u t r i e n t e l e m e n t s ; t h e s e l o s s e s m i g h t b e t o o s m a l l t o c a u s e a n y 
s e r i o u s d a m a g e t o p l a n t i n a r e l a t i v e l y s h o r t p e r i o d b u t i n t h e l o n g 
r u n , t h e r e w i l l b e h i g h l y p r o n o u n c e d e f f e c t o n t h e h e a l t h o f t h e p l a n t 
d u e t o t h e a c c e l a r a t e d r a t e o f n u t r i e n t l e a c h i n g . v V o o d a n d B o r m a n n 
( 1 9 7 5 ) o b s e r v e d t h a t K ^ , M g ^ " ^ , C a ^ ^ e l e m e n t s w e r e d r a s t i c l y r e d u c e d 
w i t h i n c r e a s i n g a c i d i t y o f t h e a r t i f i c i a l m i s t . 
C o p p e r d e f i c i e n c y i n C . s o p h e r a a n d i t s a s s o c i a t e d s y m p t o m s 
s u g g e s t t h a t t h e p o l l u t a n t s a l o n e a r e n o t w h o l l y r e s p o n s i b l e f o r l a c k 
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o f v i g o u r i n p l a n t s . T h e s m a l l e r t h a n n o r m a l l e a f a n d t h e a p p e a r a n c e 
o f n e c r o t i c a r e a s o n t h e l e a f a r e a t t r i b u t a b l e t o c o p p e r d e f i c i e n c y i n 
p l a n t s ( R e e d , 1 9 3 9 ; T r e s h o w , 1 9 7 0 ; T r e s h o w a A n d e r s o n , 1 9 8 9 ) . 
I n s t u d i e s w i t h c e r t a i n g r a s s e s a n d h e r b a c i o u s • s p e c i e s i t 
w a s s h o w n t h a t l o w l e v e l s o f c o p p e r r e t a r d s g r o w t h . I n t h e p r e s e n t 
i n v e s t i g a t i o n t h e l o s s i n t h e s h o o t a n d r o o t l e n g t h , a n d s h o o t - r o o t d r y 
w e i g h t ( 5 5 % t o 7 0 % ) u n d e r t h e i m p a c t o f a i r p o l l u t i o n c o u l d i n f a c t b e 
p a r t l y a t t r i b u t e d t o t h e s u b s t a n t i a l c o p p e r d e f i c i e n c y i n t h e l e a v e s 
o f C . s o p h e r a . W a i n w r i g h t a n d W o o l h o u s e ( 1 9 7 7 ) , W o n g a n d B r a d s h a w 
( 1 9 3 2 ) , S y m e o n i d i s a l ^ . ( 1 9 8 5 ) a n d B a l s b e r g ( 1 9 8 9 ) h a v e s u c c e s s f u l l y 
d e m o n s t r a t e d t h a t l o w l e v e l o f c o p p e r c a u s e s a s m u c h a s 3 0 . 0 0 - 5 0 . 0 0 % 
r e t a r d a t i o n o f r o o t . a n d s h o o t g r o w t h , l o s s i n d r y w e i g h t o f l e a f , s t e m 
a n d r o o t . 
E x c e s s i v e a m o u n t s o f c o p p e r a r c e q u a l l y h a r m f u l t o h i g h e r 
p l a n t s s u p p r e s s i n g p l a n t g r o w t h , c a u s i n g c h l o ^ r o s i s a n d r e d u c i n g y i e l d 
( T r e s h o w , 1 9 7 0 ) . T h e o b s e r v a t i o n s w i t h S . r h o m b i f o U a , w h e r e c o p p e r 
c o n c e n t r a t i o n i n t h e l e a v e s s h o w e d a n i n c r e a s e o f 2 . 6 0 % t o 3 4 . 6 6 % , 
s u f f e r s f r o m s i m i l a r g r o w t h i m p e d i m e n t . B e s i d e s , c o p p e r a l s o 
i n t e r f e r e s w i t h n o r m a l m e t a b o l i c r e a c t i o n s , p r i m a r i l y t h e b l o c k i n g o f 
s p e c i f i c e n z y m e t i c r e a c t i o n s w h i c h r e q u i r e i r o n ( T r e s h o w , 1 9 7 0 ) . 
T h e a c c u m u l a t i o n o f F e i n t h e l e a v e s o f s p e c i e s u n d e r s t u d y 
i s r e d u c e d u n d e r t h e i n f l u e n c e o f c o a l - s m o k ' e p o l l u t i o n . U n U k e c o p p e r , 
w h i c h a c c u m u l a t e d i n t h e l e a v e s m o r e t h a n t h e n o r m a l i n a l m o s t a l l 
t h e d e v e l o p m e n t a l s t a g e s o f S . r h o m b i f o U a , t h e a v a i l a b i l i t y o f i r o n 
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w a s r e d u c e d i n b o t h t h e s p e c i e s w h i c h r a n g e d b e t w e e n 1 0 . 2 0 a n d 5 2 . 4 0 
p e r c e n t i n C . s o p h e r a a n d 1 . 6 6 a n d 6 1 . 9 2 p e r c e n t i n S . r h o m b i f o l i a 
d u r i n g o n t o g e n y . S i n c e c o p p e r i s r e p o r t e d t o i n t e r f e r e w i t h n o r m a l 
m e t a b o l i c r e a c t i o n s p r i m a r i l y t h e b l o c k i n g o f s p e c i f i c e n z y m e t i c 
r e a c t i o n s w h i c h r e q u i r e i r o n , i t m a y b e i n f e r r e d t h a t u n d e r n o r m a l 
c i r c u m s t a n c e s w h e t h e r t h e a c c u m u l a t i o n o f F e h a s b e e n a f f e c t e d o r n o t ^ 
e v e n a s l i g h t d e f i c i e n c y o f c o p p e r m a y i n d u c e a n i m b a l a n c e i n t h e 
a v a i l a b i l i t y o f F e c a u s i n g g r o w t h r e t a r d a t i o n . L o n g b a c k E l v e h j e n 
( 1 9 3 1 ) h a d p a s t u l a t e d t h a t c o p p e r w a s r e q u i r e d f o r t h e s y n t h e s i s o f 
i r o n p r o p h y r i n p r e c u r s o r o f c h l o r o p h y l l . L a t e r , L i n g l e e ^ a _ l . ( 1 9 6 3 ) , 
O b e r l a n d e r a n d R o t h ( 1 9 7 8 ) , S h a r m a e ; ^ a j l . ( 1 9 7 8 ) , B u j t a s a n d C s c h 
( 1 9 8 1 ) a n d B a l s b e r g ( 1 9 8 9 ) e x p e r i m e n t a l l y p r o v e d t h a t a c c u m u l a t i o n a n d 
m e t a b o l i s m o f i r o n w e r e s e v e r e l y a f f e c t e d b y c o p p e r d e f i c i e n c y i n 
p l a n t s . I t i s w e l l k n o w n t h a t i r o n i n l i v i n g c e l l o c c u r s c h i e f l y i n 
p r o p h y r i n , w h i c h a r e r e q u i r e d t o c a t a l y s e a n u m b e r o f r e a c t i o n s 
( N a s o n 5 M c E l r o y , 1 9 6 3 ) . I r o n i s a l s o c o n s i d e r e d t o b e i n v o l v e d 
p r i m a r i l y i n f o r m i n g c h l o r o p l a s t p r o t e i n i n l e a v e s ( G a u c h , 1 9 5 7 ) . A s 
a c a t a l y s t f o r t h e p r o d u c t i o n o f c h l o r o p h y l l , i r o n i s e s s e n t i a l f o r t h e 
s y n t h e s i s o f c h l o r p h y l l p i g m e n t s a n d i r o n d e f i c i e n c y a f f e c t s t h e i r o n -
p o r p h y r i n p r o t e i n c o m p l e x w h i c h a c t s a s o x y g e n c a r r i e r , t r a n s p o r t e r 
o f e l e c t r o n s a n d a c t i v a t o r o f o x y g e n . I n s o m e r e c e n t s t u d i e s ( S h a r m a 
e ^ a l . , 1 9 7 8 ; B u j t a s Q C s c h , 1 9 8 1 ; B a l s b e r g , ( 1 9 8 9 ) i t h a s b e e n 
c o n c l u s i v e l y s h o w n t h a t t h e l a c k o f i r o n p o r p h y r i n p r e c u r s o r o f 
c h l o r o p h y l l d u e t o c o p p e r d e f i c i e n c y i n h i b i t s p h o t o s y n t h e s i s a n d 
r e s p i r a t i o n . T h e p h o t o s y n t h e s i s i s c o n s i d e r a b l y m o r e s e n s i t i v e ; 
p h o t o s y s t e m - I m o r e t h a n p h o t o s y s t e m - I I . T h e c h l o r o p h y l l c o n t e n t i n 
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l e a f c e l l s i s a l s o d e c r e a s e d ( S t i b o r o v a e t _ , 1 9 8 6 a , b ) . T h e r e f o r e , 
i t c a n s a f e l y b e s a i d t h a t t h e d e f i c i e n c y o f F e c a u s e d d u e t o h i g h p H 
o r m i n e r a l i m b a l a n c e c a u s e d b y a i r p o l l u t a n t s o f c h e m i c a l n a t u r e , ^^.the 
i r o n u n a v a i l a b l e t h a n f r o m t h e a c t u a l l a c k o f i r o n i n t h e s o i l o r 
m e r e l y b e c a u s e o f c o p p e r d e f i c i e n c y w h i c h e v e n t u a l l y c o n t r o l s t h e 
s y n t h e s i s o f i r o n p o r p h y r i n p r e c u r s o r o f c h l o r o p h y l l , m a y l e a d t o a 
d e c r e a s e i n t h e s i z e o f c h l o r o p l a s t s , r e d u c e d c h l o r o p h y l l a n d 
c o r r e s p o n d i n g r e d u c t i o n i n p h o t o s y n t h e s i s a n d r e s u l t i n t o p o o r h e a l t h 
a n d g r o w t h p e r f o r m a n c e o f t h e p l a n t , a n d p o o r b i o m a s s p r o d u c t i o n . 
L e a d ( P b ) i s c o n s i d e r e d t o b e a n o n e s s e n t i a l m e t a l t o p l a n t , 
a l t h o u g h a t l o w e r c o n c e n t r a t i o n s , s t i m u l a t o r y e f f e c t h a s b e e n o b s e r v e d 
i n m a n y s t u d i e s . S i m i l a r l y , l e a d t o x i c i t y r e p o r t s e s p e c i a l l y a t h i g h e r 
P b l e v e l s a r e a l s o n u m e r o u s . H o w e v e r , s u c h r e p o r t s i n t h e p l a n t s 
g r o w i n g i n n a t u r a l e c o s y s t e m a r e f e w , a s a r e l a b o r a t o r y s t u d i e s w i t h 
tower P b l e v e l s i n g r o w t h m e d i u m ( B a l s b e r g , 1 9 8 9 ) . I n t h e p r e s e n t 
i n v e s t i g a t i o n , a l t h o u g h t h e l e a v e s o f S . r h o m b l f o l i a s h o w e d P b 
a c c u m u l a t i o n t h r o u g h o u t p l a n t d e v e l o p m e n t , o n l y d u r i n g t h e 
p r e - f l o w e r i n g s t a g e P b a c c u m u l a t i o n i n t h e l e a v e s w a s m o r e a t t h e 
d i f f e r e n t e x p e r i m e n t a l s i t e s t h a n a t t h e r e f e r e n c e s i t e . E x c e s s 
a c c u m u l a t i o n o f P b i n t h e l e a f s h o w s v i s i b l e s y m p t o m s . L e a v e s b e c o m e 
c h l o r o t i c a n d o r n e c r o t i c ( G o d b o l d Q H u t t e r m a n , 1 9 8 5 ) . S i m i l a r 
o b s e r v a t i o n s c o n s i d e r e d t o b e t h e c o n s e q u e n c e o f h i g h i n c i d e n c e o f 
p o l l u t i o n a t t h e s i t e s o f p r e s e n t s t u d y m a y p e r h a p s b e a t t r i b u t e d t o 
t h e v e r y h i g h l e v e l o f P b c o n c e n t r a t i o n i n t h e l e a v e s . T h e s e 
o b s e r v a t i o n s f i n d c o r r o b o r a t i o n f r o m g r o w t h s t u d y o f r o o t s a n d s h o o t s 
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o f P l a n t a n u s o c c i d e n t a l i s ( C a r l s o n S B a z z a z , 1 9 7 7 ) a n d S o r g h a m v u l g a r e 
( D a t t a , 1 9 8 0 ) . 
G e n e r a l l y , r o o t s a r e s u p p o s e d t o b e a n e f f e c t i v e b a r r i a r 
a g a i n s t f u r t h e r t r a n s p o r t o f P b t o t h e s h o o t . T h e v e r y p r e s e n c e o f 
h i g h c o n c e n t r a t i o n o f P b ( 6 4 . 5 3 % ) i n S . r h o m b i f o l i a i n d i c a t e s t h a t t h e 
p r e s e n c e o f P b w a s s t i l l v e r y h i g h i n t h e s o i l m e d i u m a t t h e s i t e s 
o f s t u d y w h i c h a r e n e e d e d t o a f f e c t p h o t o s y n t h e s i s i n i n t a c t p l a n t . 
T h e c h l o r o p h y l l a b b e r a t i o n e n c o u n t e r e d i n S . r h o m b i f o l i a r e s u l t i n g i n t o 
l o w e r i n g d o w n o f t h e p h o t o s y n t h e t i c p r o c e s s a r e i n c o n f o r m i t y w i t h 
t h e w o r k o f B a z z a z e ^ a l . ( 1 9 7 4 ) w h o d e m o n s t r a t e d t h a t t h e e x p o s e d 
p l a n t s s h o w d e c r e a s e d p h o t o s y n t h e t i c a n d t r a n s p i r a t i o n r a t e w i t h 
i n c r e a s i n g s u p p l y o f P b . T h e s e r e s p o n s e s w e r e s u g g e s t e d t o b e 
d i r e c t l y o r i n d i r e c t l y r e l a t e d t o c h a n g e s i n r e s i s t a n c e o f t h e s t o m a t a 
t o C O 2 a n d d i f f u s i o n o f w a t e r . S i m i l a r l y P b i o n s a r e a l s o s h o w n t o 
i n h i b i t c h l o r o p h y l l b i o s y n t h e s i s ( H a m p p S L e n d z i a n , 1 9 7 4 ) l e a d i n g t o 
l o w e r e d c h l o r o p h y l l c o n t e n t s . T h u s t h e i n h i b i t e d p h o t o s y n t h e s i s c o u l d 
p a r t l y b e r e l a t e d t o t h e r e d u c e d c h l o r o p h y l l c o n t e n t s o f t h e l e a v e s . 
A s a l r e a d y m e n t i o n e d , a t l o w e r P b c o n c e n t r a t i o n a s t i m u l a t i o n 
e f f e c t c o u l d b e o b s e r v e d . H o w e v e r , t h i s e f f e c t w a s s u p p o s e d t o b e a n 
i n d i r e c t o n e t h r o u g h a p r o b a b l e r e l e a s e o f n u t r i e n t s b y P b a d d i t i o n 
t o a s u b o p t i m a l g r o w t h m e d i u m ( P e t e r s o n , 1 9 7 8 ; K a b a t a - P e n d i a s 8 
P e n d i a s , 1 9 8 5 ) . T h e r e a r e s e v e r a l s t u d i e s w h i c h d o n o t s u p p o r t t h e 
b e l i e f t h a t h i g h c o n c e n t r a t i o n s d e c r e a s e s t h e p h y s i o l o g i c a l r e s p o n s e s 
a n d l o w c o n c e n t r a t i o n s s t i m u l a t e . P o r t e r a n d S h e r i d a n ( 1 9 8 1 ) 
d e m o n s t r a t e d t h a t h i g h e r c o n c e n t r a t i o n o f P b i n c r e a s e d t h e n e t 
p h o t o s y n t h e s i s i n M e d i c a g o s a t i v a w h i l e a d e c r e a s e d r a t e w a s o b s e r v e d 
o n l y a t a v e r y l o w P b c o n c e n t r a t i o n . I n y e t a n o t h e r s t u d y , S t i b o r o v a 
^ ( 1 9 8 6 b ) d e m o n s t r a t e d t h a t l o w P b l e v e l s r e s u l t e d i n s i g n i f i c a n t l y 
i n c r e a s e d c h l o r o p h y l l c o n t e n t i n Z e a m a y s l e a v e s , w h e r e a s c h l o r o p h y l l 
a , b , r a t i o w a s d e c r e a s e d i n t h e s a m e c o n c e n t r a t i o n r a n g e . I n c i d e n t l y , 
a l a t e r r e p o r t g i v e s c r e d e n c e t o t h e f i n d i n g s w i t h r e f e r e n c e t o C . 
s o p h e r a i n t h e p r e s e n t i n v e s t i g a t i o n w h i c h i n v a r i a b l y s h o w e d l o s s o f 
P b c o n c e n t r a t i o n a t a l l t h e e x p e r i m e n t a l s i t e s a n d p l a n t d e v e l o p m e n t 
s t a g e s . I n t e r e s t i n g l y , G o d b o l d a n d H u t t e r m a n ( 1 9 8 7 ) d i d n o t o b t a i n 
a n y e f f e c t o h n e t p h o t o s y n t h e s i s m e a s u r e d a s C O ^ u p t a k e , n o r w e r e 
t r a n s p i r a t i o n r a t e o r c h l o r o p h y l l c o n t e n t a f f e c t e d u n d e r t h e i m p a c t o f 
h e a v y P b a c c u m u l a t i o n . 
I t m a y n o t o u t o f p l a c e t o m e n t i o n h e r e t h a t o t h e r 
p h y s i o l o g i c a l p r o c e s s e s k n o w n t o b e s e n s i t i v e t o h e a v m e t a l s a r e H 2 O 
a n d n u t r i e n t u p t a k e . O b e r l a n d e r a n d R o t h ( 1 9 7 8 ) a n d P a i v o k e ( 1 9 8 3 c ) 
s u g g e s t t h a t f a i r l y h i g h l e v e l s o f P b s e e m t o b e n e e d e d t o a f f e c t t h e s e 
p r o c e s s e s . K a n n a n a n d K e p p e l ( 1 9 7 6 ) s h o w e d t h a t m o s t l i k e l y b y 
b l o c k i n g t h e e n t r y o r b i n d i n g o f t h e i o n s t o t h e i o n - c a r r i e r , 
c o n c e n t r a t i o n s o f F e , M n a n d Z n w e r e l o w e r e d i n b o t h s h o o t s a n d r o o t s 
o f y o u n g P e a ( P i s u m s a t i v u m ) s e e d l i n g s b y t r e a t m e n t w i t h a v e r y v e r y 
h i g h P b c o n c e n t r a t i o n . S i m i l a r e f f e c t s w e r e o b t a i n e d b y W a l k e r e ^ a j . . 
( 1 9 7 7 ) b u t t h e d e g r e e o f h e a v y m e t a l i n f l u e n c e u p o n t h e n u t r i t i o n a l 
s t a t u s w a s d e p e n d e n t o n t h e s t a g e o f d e v e l o p m e n t o f t h e p l a n t . 
I t i s e s t a b l i s h e d t h a t v e g e t a t i o n p l a y s a n i m p o r t a n t r o l e i n 
c l e a n i n g t h e a t m o s p h e r e b y a b s o r b i n g c e r t a i n t o x i c p o l l u t a n t s f r o m i t s 
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s u r r o u n d i n g s . V e g e t a t i o n w a s k n o w n t o e x c h a n g e l a r g e q u a l i t i e s o f C O 2 . 
O g a n d w a t e r v a p o u r w i t h t h e a t m o s p h e r e l o n g b e f o r e s c i e n t i f i c c o n c e p t 
o f g a s e o u s p o l l u t a n t s w a s f o r m u U s e d ( I q b a l , 1 9 8 8 ) . H i l l ( 1 9 7 1 ) 
d e m o n s t r a t e d a n u p t a k e o f o r d i n a r y p o l l u t a n t s b y A l f a l f a c a n o p i e s . 
A c o m p r e h e n s i v e s t u d y o f v e g e t a t i o n a s a s i n k f o r a t m o s p h e r i c p o l l u t i o n 
w a s g i v e n b y R a s m u s s e n a n d K a b e l ( 1 9 7 5 ) . B e s i d e s , t h e r e a r e a l s o 
r e p o r t s w h i c h d o c u m e n t s u b s t a n t i a l n u t r i e n t l o s s e s f r o m t h e l e a v e s a s 
a r e s u l t o f p o l l u t i o n l o a d ( H i n d a w i ^ , 1 9 8 0 ; S c h e r b a t s k o y S K l e i n , 
1 9 8 3 ; A b o u g u e n d i a Q B a s c h a k , 1 9 8 7 ) . 
T h e p r e s e n t i n v e s t i g a t i o n s h o w s t h a t t h e a m o u n t o f s u l p h u r 
e s t i m a t e d i n t h e l e a v e s a t t h e p o l l u t e d s i t e w a s g r e a t e r t h a n a t t h e 
r e f e r e n c e s i t e . S i n c e S O 2 i s o n e o f t h e s e v e r a l p o l l u t a n t s w h i c h i s 
b e i n g c o n t i n u a l l y e m i t t e d f r o m t h e T h e r m a l P o w e r P l a n t , i t c o u l d b e 
s a f e l y p r e s u m e d t h a t S O 2 s i g n i f i c a n t l y a l t e r e d t h e c o n c e n t r a t i o n a n d 
d y n a m i c s o f s u l p h u r i n l e a v e s o f C . s o p h e r a a n d S . r h o m b i f o U a 
w h e r e a s p l a n t s g r o w i n g a t t h e reference s i t e h a d l o w e r s u l p h u r 
c o n c e n t r a t i o n a t t h e e n d o f e a c h d e v e l o p m e n t s t a g e s o f b o t h t h e 
s p e c i e s . T h e p a t t e r n o f l e a f s u l p h u r c o n c e n t r a t i o n o f t h e t w o s p e c i e s 
a t t h e v a r i o u s s t a g e s o f p l a n t d e v e l o p m e n t a r e a f u n c t i o n o f t h e u p t a k e 
o f b o t h s o i l a n d a t m o s p h e r i c s u l p h u r . A l a r g e p o r t i o n o f s u l p h u r 
• u p t a k e e a r l y i n t h e g r o w i n g s e a s o n w a s f r o m t h e s o i l , a s s u m i n g a l l 
s u l p h u r i n t h e l e a v e s o f p l a n t g r o w i n g a t t h e r e f e r e n c e s i t e w a s 
o b t a i n e d f r o m t h e s o i l . T h e i n c r e m e n t i n t h e l e a f s u l p h u r 
c o n c e n t r a t i o n ( A s ) i n C . s o p h e r a a n d S . r h o m b i f o l i a d u r i n g t h e 
p r e - f b w e r i n g s t a g e c a n b e a t t r i b u t e d t o s u l p h u r u p t a k e d u r i n g t h i s 
g r o w i n g p e r i o d i n w h i c h t h e a t m o s p h e r i c u p t a k e p r e - d o m i n a t e d . T h i s 
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f i n d i n g h a s t h e c o r o b o r a t i o n f r o m t h e w o r k o f M i l c h u n a s e t a _ l ( 1 9 8 3 ) 
w h o d e s c r i b e d t h e s a m e p h e n o m e n n o n w h i l e w o r k i n g o n t h e s t a t u s o f 
s u l p h u r c o n c e n t r a t i o n i n t h e a b o v e g r o u n d A g r o p y r o n s m i t h i i t i l l e r s 
t h r o u g h a r e p r e s e n t a t i v e g r o w i n g s e a s o n . S i m i l a r s t u d i e s w e r e m a d e 
w i t h V i c i a f a b a , P a n i c u m m i l i a c e u m , O r y z a s a t i v a a n d C i c e r a r i e t i n u m 
( R a o , 1 9 8 5 ) , F i c u s , M e l l a , M o r u s , P o p u l u s , E u c a l y p t u s , D e l o n i x , 
A z a d i r a c h t a ( V a r s h n e y , 1 9 8 5 a ) , P h a s e o l u s a u r e u s ( S h a r m a Q R a o , 1 9 8 5 ) , 
C a n a d i a n c o n i f e r s ( A b o u g u e n d i a a B a s c h a k , 1 9 8 7 ) a n d F i c u s , E u c a l y p t u s 
a n d G u i c i u m ( I q b a l , 1 9 8 8 ) , w h e r e i n a l l t h e c a s e s s u l p h u r a c c u m u l a t i o n 
w a s m u c h h i g h e r i n t h e s a m p l e s o f p l a n t s f r o m t h e p o l l u t e d s i t e s 
c o m p a r e d t o t h e n o n p o l l u t e d s i t e s . 
J o h n s e n a n d S o c h t i n g ( 1 9 7 3 ) d e m o n s t r a t e d a h i g h c o r r e l a t i o n 
b e t w e e n S O 2 o f t h e a i r a n d s u l p h u r c o n t e n t i n b a r k o f t h e t r e e s ; t h i s 
i n c r e a s e i n t h e s u l p h u r c o n t e n t o f t h e b a r k w a s e v i d e n t l y c a u s e d b y 
d u s t e m i t e d f r o m f e r t i l i z e r f a c t o r y . M c C o o l a n d J o h n s o n ( 1 9 3 8 ) a l s o 
f o u n d a c o r r e l a t i o n b e t w e e n S O 2 f r o m t h e s m o k e p r o d u c i n g a r e a s a n d 
t h e s u l p h u r c o n t e n t i n t h e p l a n t s . O l s e n ( 1 9 7 5 ) s h o w e d t h a t h e a l t h y 
c o t t o n p l a n t s o b t a i n e d a b o u t 3 0 % o f t h e s u l p h u r , w h e r e a s s u l p h u r 
d e f i c i e n t p l a n t s g o t 8 0 % o f t h e s u l p h u r d i r e c t f r o m t h e a t m o s p h e r e . 
R o b e r t ( 1 9 7 6 ) g r e w w h i t e p i n e i n a r e a s o f h i g h p o l l u t i o n f o r t w o 
m o n t h s a n d f o u n d t h a t t o l e r a n t c l o n e s h o w e d h i g h e r s u l p h u r c o n t e n t 
t h a n t h e c o r r e s p o n d i n g p i n e s i n l e s s S O 2 p o l l u t e d a r e a s . 
I n t h e p r e s e n t i n v e s t i g a t i o n , t h e a r c h i t e c t u r e o f l e a f s u r f a c e 
d o e s n o t s e e m t o h a v e a d i r e c t r e l a t i o n s h i p t o s u l p h u r a c c u m u l a t i o n 
w h e r e a s t h e . ^ a t u r e a n d c o n d i t i o n o f t h e p l a n t s u r f a c e w h i c h v a r y w i t h 
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s p e c i e s , p l a n t p a r t a n d s t a g e s o f g r o w t h , o p i n e s B o r r o w a n d B u r r i d g e 
( 1 9 9 1 ) , h a v e a m a r k e d e f f e c t o n t h e r e l a t i o n o f a t m o s p h e r i c d e p o s i t s . 
H a i r c o v e r e d o r s e n e s c e n t l e a v e s r e t a i n f a r m o r e e l e m e n t s t h a n s m o o t h 
l e a v e s w i t h a n i n t a c t w a x y c u t i c l e . T h i s p a r a d i g m f i n d s s u p p o r t f r o m 
t h e w o r k o f I q b a l ( 1 9 8 8 ) w h o s h o w e d t h a t p l a n t s w i t h b r o a d h a i r y 
a n d w a x y l e a v e s , a s i n t h e c a s e o f F i c u s , h a d t h e h i g h e s t t o t a l 
s u l p h u r c o n t e n t a s c o m p a r e d t o n a r r o w a n d s m a l l l e a v e s o f G a u i c u m . 
I n c o n t r a s t , S . r h o m b i f o l l a w h i c h i s a v e r y h a r d y p l a n t w i t h 
t r i c h o m a s o n t h e s u r f a c e o f l e a v e s , s h o w e d h i g h e r a c c u m u l a t i o n o f 
s u l p h u r d u r i n g t h e p r e a n d p o s t - f l o w e r i n g s t a g e s . S u l p h u r 
a c c u m u l a t i o n d u r i n g f l o w e r i n g s t a g e a t a l l t h e s i t e s w a s s u b s t a n t i a l l y 
l e s s t h a n i n t h e l e a v e s o f C . s o p h e r a w h i c h d o n o t p o s s e s s h a i r y 
c o v e r i n g o n t h e i r s u r f a c e s . 
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M e s u r e m e n t o f t h e a c c u m u l a t i o n o f t o t a l s u l p h u r o n s u r f a c e 
h a s b e e n u s e d a s a n i n d i c a t o r o f S O 2 s t r e s s i n m a n y a i r p o l l u t i o n 
s t u d i e s ( G u d e r i a n , 1 9 7 7 ; H i n d w a i e t _ a l . 1 9 8 0 ; ; V a r s h n e y , 1 9 8 5 ) . 
H o w e v e r , s o m e p l a n t s c a n a c c u m u l a t e l a r g e a m o u n t s o f s u l p h u r w i t h o u t 
s h o w i n g i n j u r y s y m p t o m s ( B y t n e r o w i c z ^ , 1 9 8 0 ) , a n d t h e r e f o r e t h e 
t o t a l s u l p h u r c o n t e n t a l o n e c a n n o t b e u s e d a s a n i n d i c a t o r o f S O 2 
s t r e s s . 
I n t h e p r e s e n t i n v e s t i g a t i o n s u l p h u r c o n c e n t r a t i o n i n c r e a s e d 
n o t o n l y w i t h a i n c r e a s i n g l o a d o f p o l l u t i o n ( S O 2 c o n c e n t r a t i o n ) b u t 
a l s o w i t h t h e d e v e l o p m e n t o f t h e p l a n t . H o w e v e r , t h e r a t e o f i n c r e a s e 
i n b o t h s p e c i e s d e c r e a s e d w i t h h i g h S O ^ c o n c e n t r a t i o n . T h i s d e c r e a s e 
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i n t h e r a t e o f i n c r e m e n t o f s u l p h u r a c c u m u l a t i o n c a n b e a t t r i b u t e d t o 
t h e d e c r e a s e d c a p a c i t y f o r u p t a k e o f s u l p h u r a t h i g h S O 2 c o n c e n t r a t i o n . 
G e n e r a l l y , Z i n c i s s u p p o s e d t o b e l e a s t t o x i c o f h e a v y m e t a l s . 
L i k e c o p p e r , z i n c i s a n e s s e n t i a l m e t a l t o h i g h e r p l a n t s a n d i s i n v o l v e d 
i n s e v e r a l i m p o r t a n t m e t a b o l i c p r o c e s s e s . Z i n c i s a l s o a n e c e s s a r y 
c o m p o n e n t o f s e v e r a l e n z y m e s y s t e m s r e g u l a t i n g v a r i o u s p h y s i o l o g i c a l 
a n d b i o c h e m i c a l a c t i v i t i e s ( N a s o n Q M c E l r o y , 1 9 6 3 ; C o l l i n s , 1 9 8 1 ) . I t 
i s v i t a l t o p l a n t g r o w t h t h r o u g h i t s a s s o c i a t i o n i n a u x i n f o r m a t i o n , a n d 
h e n c e i n d i r e c t l y r e g u l a t e s s h o o t a n d r o o t e l o n g a t i o n a n d c e l l e n l a r g e m e n t 
( T r e s h o w , 1 9 7 0 ) . 
T h e p r e s e n t i n v e s t i g a t i o n r e v e a l s t h a t i n C . s o p h e r a , o f t h e 
p o l l u t e d s i t e s z i n c c o n c e n t r a t i o n g o e s d o w n i n c o m p a r i s o n t o t h e 
r e f e r e n c e s i t e o n l y d u r i n g t h e f l o w e r i n g s t a g e , w h e r e a s d u r i n g t h e p o s t -
f l o w e r i n g s t a g e t h e c o n c e n t r a t i o n g o e s a s h i g h a s 3 1 . 8 0 % a t s i t e C , I n 
S . r h o m b i f o U a , t h e t r e n d i s a l m o s t r e v e r s e . H o w e v e r , d u r i n g 
p r e - f l o w e r i n g s t a g e t h e l o s s i n z i n c c o n c e n t r a t i o n i n C . s o p h e r a i s 
c o m p a r a t i v e l y m u c h h i g h e r a t s i t e C t h a n t h a t o b s e r v e d i n S . 
r h o m b i f o U a . T h u s , o n t h e w h o l e , t h e l o s s i n z i n c c o n c e n t r a t i o n u n d e r 
t h e i m p a c t o f e n v i r o n m e n t a l p o l l u t i o n i s g r e a t e r i n b o t h s p e c i e s t h a n t h e 
s p o r a d i c g a i n a t v v e r y f e w s i t e s . 
I t i s w e l l k n o w n t h a t a d e f i c i e n c y o f z i n c m a y c a u s e 
s i g n i f i c a n t c h a n g e s i n p l a n t m e t a b o l i s m r e s u l t i n g i n g r o w t h r e t a r d a t i o n , 
a n d c h l o r o s i s w h i l e a n e x c e s s a c c u m u l a t i o n o f z i n c a f f e c t s b o t h r o o t a n d 
s h o o t g r o w t h a n d s h o o t s b e c o m e s t u n t e d a n d c h l o r i t i c . F u r t h e r , t h e 
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e p i d e r m i s o f r o o t s a n d t h e c e l l s i n t h e e p i d e r m i s m a y b e c o m e l i g n i f i e d 
( P a i v o k e , 1 9 8 3 a ) . W h i l e d i s c u s s i n g t h e g e n e r a l p e r f o r m a n c e o f t h e 
p l a n t u n d e r s t u d y , d r y w e i g h t w a s f o u n d t o b e d r a s t i c a l l y r e d u c e d 
p r e s u m a b l y u n d e r t h e i m p a c t o f p o l l u t a n t s p r e s e n t a t t h e s i t e s . T h e s e 
f i n d i n g s a g r e e w i t h t h o s e o f J o r d a n ( 1 9 7 5 ) a n d B u r t o n e t ( 1 9 8 3 ) , 
w h o o b s e r v e d d r y w e i g h t o f n e e d l e s o f P i c e a s i t c h e n s i s a n d l e a v e s o f 
Q u e r c u s r u b r a t o b e v e r y c r i t i c a l u n d e r t h e i m p a c t o f l o w z i n c 
c o n c e n t r a t i o n . S i m i l a r l y r o o t g r o w t h a n d e l o n g a t i o n , t h e n u m b e r o f c e l l s 
u n d e r g o i n g m i t o s ' s , a n d r o o t c e l l f u n c t i o n w e r e f o u n d t o b e s e r i o u s l y 
a f f e c t e d d u e t o l o w z i n c c o n c e n t r a t i o n s ( N a g e ^ a l . , 1 9 8 0 ; S i n g h a 
S h a r m a , 1 9 8 0 ; P o w e l l e t a l . , 1 9 8 6 ; B a l s b e r g , 1 9 8 9 ) . 
L i k e o t h e r h e a v y m e t a l s , e x c e s s a c c u m u l a t i o n o f z i n c , a s 
e n c o u n t e r e d i n p r e s e n t i n v e s t i g a t i o n , m a y a f f e c t p h y s i o l o g i c a l p r o c e s s e s 
i n d i f f e r e n t w a y s . W h e t h e r t h e e f f e c t i s a d i r e c t o r i n d i r e c t o n e i s 
o f t e n u n c l e a r a n d m o r e w o r k i s n e e d e d i n t h i s i m p o r t a n t f i e l d . H i g h e r 
z i n c c o n c e n t r a t i o n , h o w e v e r , r e d u c e s w a t e r u p t a k e r e s u l t i n g i n a w a t e r -
d e f i c i t s t a t e o f t h e p l a n t ( P a i v o k e , 1 9 8 3 b ) . A m o n g o t h e r p r o c e s s e s o f 
i m p o r t a n c e i n p l a n t , m e t a b o l i s m i s a f u n c t i o n i n g t r a n s p o r t s y s t e m o f t h e 
p h o t o s y n t h e t i c a s s i m i l a t e s t o s i n k s i n t h e p l a n t s a n d u p t a k e o f 
n u t r i e n t s . H i g h c o n c e n t r a t i o n o f z i n c h a s b e e n r e p o r t e d t o c a u s e c a l l o s e 
d e p o s i t s o n s i e v e - t u b e p l a t e s i n t h e p h l o e m ( P e t e r s o n 8 R a u s e r , 1 9 7 9 ) . 
T h e t r a n s l o c a t i o n o f c a r b o h y d r a t e s w a s m a r k d e l y r e s t r i c t e d b y h i g h e r 
z i n c l e v e l s l e a d i n g t o a c c u m u l a t i o n o f s u g a r a n d s t a r c h i n t h e l e a v e s 
a n d a r e d u c e d t r a n s p o r t t o o t h e r g r o w i n g p a r t s ( R a u s e r a S a m a r a k o o n , 
1 9 8 0 ) . 
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B a l s b e r g ( 1 9 8 9 ) s u g g e s t s t h a t a t s o m e s t a g e s i n t h e 
b i o s y n t h e s i s o f c h l o r o p h y l l , z i n c i s s u p p o s e d t o c o m p e t e w i t h i r o n , 
l e a d i n g t o c h l o r o s i s . T h i s c h l o r o s i s i n z i n c p o i s o n e d p l a n t s i s o f t e n 
a t t r i b u t e d t o i r o n - d e f i c i e n c y . F u r t h e r , t h i s 
z i n c - p o i s o n e d - i r o n - d e f i c i e n c y s y n d r o m e a l s o c a u s e d c h l o r o p h y l l l o s s i n 
P i c e a a b i e s ( S c h l e g e l e t , 1 9 8 7 ) a n d t h e l o s s w a s a c c o m p a n i e d b y 
a r e d u c e d n e t p h o t o s y n t h e t i c r a t e m e a s u r e d a s C O 2 u p t a k e . T h e s e 
o b s e r v a t i o n s g o a l o n g w a y i n r e a s o n i n g o u t t h e l o s s o f c h l o r o p h y l l a n d 
r e d u c e d b i o m a s s a s o b s e r v e d i n t h e p r e s e n t i n v e s t i g a t i o n . 
Epidermal responses : T h e e f f e c t o f c o a l - s m o k e p o l l i A i o n o n f o l i a g e 
o f C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a h a s a l r e a d y b e e n d i s c u s s e d i n 
t h e p r e c e d i n g p a r a g r a p h s ; i t h a s b e e n s h o w n t h a t l e a v e s a r e h i g h l y 
s e n s i t i v e t o p o l l u t i o n l o a d . S i n c e t h e e x t e n t o f l e a f d a m a g e i s c l o s e l y 
r e l a t e d t o s t o m a t a l r e s p o n s e t o t h e p o l l u t i o n l o a d w h i c h i n t u r n t e l l s 
u p o n t h e p h y s i o l o g y a n d g r o w t h o f t h e p l a n t , t h e s t u d y o f c u t i c u l a r 
t r a i t s b e c o m e s o f p a r a m o u n t i m p o r t a n c e . 
T h e d a t a obtained on the architecture of leaf epidermis o f t h e 
s p o c l e a studied clearly indicate that the epidermal patterns a r e h i g h l y 
s e n s i t i v e t o p o l l u t a n t s p r e s e n t a t t h e s t i e s . S e v e r a l i n v e s t i g a t i o n s i n 
t h e p a s t h a v e r e v e a l e d t h e u s e f u l n e s s o f c u t i c u l a r f e a t u r e s i n t a x o n o m i c 
a n d e c o l o g i c a l i n t e r p r e t . . t i o n s ( S a l i s b u r y , 1 9 2 7 ; S o l b e r g 6 A d a m s , 1 9 5 6 ; 
D u n n ^ a j _ . , 1 9 6 5 ; S h a r m a 6 D u n n , 1 9 6 8 , 1 9 8 9 ; A u , 1 9 6 9 ; S h a r m a , 1 9 7 2 ; 
L e v i n , 1 9 7 3 ; S h a ^ ' m a 8 B u t l e r , 1 9 7 5 ; A m a n i e t a l . , 1 9 7 9 ; N o l a n d a 
K o z l o w s k i , 1 9 7 9 ; D e b n a t h , 1 9 8 0 ; S h a r m a e ^ a l . , 1 9 8 0 ; G u p t a ; 1 9 8 1 ; 
V a r s h n e y , 1 9 8 5 ) . 
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T h e p r e s e n t i n v e s t i g a t i o n b r i n g s o u t t h a t s t o m a t a l i n d i c e s 
d e c r e a s e t o a s i g n i f i c a n t l e v e l i n b o t h t h e s p e c i e s e x p e r i e n c i n g 
p o l l u t i o n T h e m a x i m u m d e c r e a s e i n p o l l u t i o n i n d i c e s , r e c o r d e d 
a t 6 k m i n C a s s i a s o p h e r a , i s t o t h e t u n e o f 3 4 . 0 0 % i n t h e u p p e r 
e p i d e r m i s a n d a h i g h l y s i g n i f i c a n t 4 6 . 3 3 % i n t h e l o w e r e p i d e r m i s . T h e 
c o r r e s p o n d i n g v a l u e s f o r S i d a r h o m b i f o U a a r e m o r e o r l e s s s i m i l a r . 
O b s e r v a t i o n s r e c o r d e d a t 1 2 k m , 2 k m , a n d s^ k m d i s t a n c e f r o m 
p o l l u t i o n s o u r c e s h o w h i g h e r v a l u e s o f s t o m a t a l I n d i c e s i n b o t h t h e 
s p e c i e s . T h i s i n c r e a s e i n t h e s t o m a t a l I n d i c e s m i g h t b e a t t r i b u t e d t o 
t h e d e c r e a s i n g l o a d o f p o l l u t i o n . I n o t h e r w o r d s , p l a n t s e n s i t i v i t y 
b e c o m e s l e s s d u e t o f a i l u r e o f t h e p o l l u t a n t s t o r e a c h t h e s e s i t e s o r 
t o a g r a d u a l d i f f u s i o n o f t h e p o l l u t a n t s a t l o n g d i s t a n c e s . S i m i l a r 
f i n d i n g s o n s e n s i t i v i t y o f s t o m a t a t o p o l l u t a n t s w e r e e a r l i e r r e c o r d e d 
f o r K a l a n c h o e f e d s c h e n o k o i ( S h a r m a 9 D u n n , 1 9 6 8 ) , T r i f o l i u m r e p e n s 
( S h a r m a 6 B u t l e r , 1 9 7 3 , 1 9 7 5 ) , L i q u i d a m b e r s t y r a c l f l u a ( S h a r m a 6 
T y r e e , 1 9 7 3 ) , C r o t o n b o n p l a n d i a n u m ( A m a n i e ^ a l . , 1 9 7 9 ) , P u e r a r i a 
l o b a t a ( S h a r m a e ; ^ a j . . . 1 9 8 0 ) a n d F i c u s b e n g h a l e n s i s ( G u p t a Q G h o u s e , 
1 9 8 7 ) . H o w e v e r , G h o u s e a n d K h a n ( 1 9 7 9 ) m e n t i o n e d t h a t i n g u a v a l e a v e s 
b o t h f r e q u e n c y s t o m a t a l i n d i c e s i n c r e a s e ^ i n c r e a s i n g p o l l u t i o n . 
T h e d e c l i n e o f s t o m a t a l i n d i c e s i n t h e p r e s e n t i n v e s t i g a t i o n 
s e e m s t o b e a n a t u r a l m e c h a n i s m a d o p t e d b y a p l a n t t o c o p e w i t h t h e 
h i g h l y p o l l u t e d a t m o s p h e r e o f t h e i r h a b i t a t . T h e r e d u c t i o n i n l e a f s i z e 
i n t h e p o l l u t e d a t m o s p h e r e a s d i s c u s s e d e a r l i e r n o t o n l y s h o w s a 
r e t a r d a t i o n i n g r o w t h b u t a l s o a r e d u c t i o n i n s u r f a c e a r e a . T h e r e f o r e , 
t h e r e d u c e d s u r f a c e a r e a o f t h e l e a v e s o f C a s s i a s o p h e r a a n d S i d a 
r h o m b i f o l i a , p e r h a p s a c c o m m o d a t e s l e s s e r n u m b e r o f s t o m a t a t h e r e b y 
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r e d u c i n g t h e v o l u m e o f a b n o x i o u s p o l l u t a n t s e n t e r i n g t h e l e a v e s . 
S i m i l a r i n t e r p r e t a t i o n s w e r e p u t f o r w a r d b y e a r l i e r w o r k e r s f o r t h e s e 
s t o m a t a l r e s p o n s e s ( S h a r m a 6 T y r e e , 1 9 7 3 ; S h a r m a 6 B u t l e r , 1 9 7 3 , 1 9 7 5 ; 
S h a r m a e ^ . 1 9 8 0 a n d A m a n i , 1 9 8 2 ) . 
Furthermore, when the upper and lower epidermises are 
c o m p a r e d w i t h r e f e r e n c e t o s t o m a t a l i n d e x , i t b e c o m e s v e r y c l e a r t h a t 
i n b o t h t h e s p e c i e s t h e l o w e r e p i d e r m i s r e s p o n d s m o r e u n f a v o u r a b l y 
t h a n t h e u p p e r e p i d e r m i s . T h i s t r e n d i s n o t i c e d a t a l l t h e 
d e v e l o p m e n t s t a g e s o f p l a n t . A s t o t h e p o l l u t a n t - i n d u c e d r e s p o n s e s o f 
s t o m a t a w i t h r e f e r e n c e t o p l a n t d e v e l o p m e n t , b o t h t h e u p p e r a n d l o w e r 
e p i d e r m i s e s o f C a s s i a s o p h e r a e x h i b i t a s t a t i s t i c a l l y s i g n i f i c a n t 
r e d u c t i o n i n s t o m a t a l i n d i c e s d u r i n g t h e p r e - f l o w e r i n g s t a g e s . T h i s i s 
f o l l o w e d b y a c o n s i d e r a b l e i n c r e a s e d u r i n g t h e f l o w e r i n g s t a g e a n d t h e n 
a g a i n a s u d d e n f a l l d u r i n g t h e p o s t - f l o w e r i n g s t a g e s h o w i n g t h e r e b y a 
s i g m o i d r e s p o n s e t o p o l l u t i o n l o a d . O n t h e c o n t r a r y , i n S i d a 
r h o m b i f o l i a , t h e r e s e e m s t o b e s e v e r e i m p a c t o f p o l l u t i o n l o a d 
d u r i n g t h e p r e - f l o w e r i n g s t a g e w h e n t h e l e a v e s a r e y o u n g a n d i n a f a s t 
d e v e t o p i n g s t a g e . H o w e v e r , t h e s h a r p a n d s t e e p d e c l i n e i n t h e p e r 
c e n t v a r i a t i o n a t t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s s u g g e s t s a 
U n e a r r e s p o n s e a n d s h o w s t h a t t h e l e a v e s w e r e l e s s r e s p o n s i v e t o 
p o l l u t i o n l o a d i n t h e l a t e r s t a g e o f p l a n t g r o w t h . 
G i v e n t h i s , i t c a n b e a s s u m e d t h a t t h e s t o m a t a a n d t h e 
e p i d e r m a l c e l l r e s p o n d d i f f e r e n t i a l l y t o p o l l u t i o n l o a d i n t h e u p p e r a n d 
l o w e r e p i d e r m i s a n d t h e t h r e e d e v e l o p m e n t a l s t a g e s o f t h e p l a n t i n t h e 
t w o s p e c i e s s t u d i e d . 
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T h e r a t e o f a b s o r p t i o n o f a i r p o l l u t a n t s d e p e n d s o n t h e i r 
c o n c e n t r a t i o n g r a d i e n t f r o m l e a f e x t e r i o r t o l e a f i n t e r i o r a n d o n t h e 
d i m e n s i o n s o f s t o r a a t a . T h e s t o m a t a l d i m e n s i o n s i n r e l a t i o n t o t h e 
i n c r e a s i n g l o a d o f p o l l u t i o n t h u s p l a y a n i m p o r t a n t r o l e i n d e t e r m i n i n g 
t h e e v e n t u a l e x t e n t o f s e v e r i t y o n p l a n t b o d y . T h e r e c o r d e d s t o m a t a l 
d i m e n s i o n s ( l e n g t h 8 w i d t h ) s h o w a d e c r e a s i n g t r e n d w i t h i n c r e a s i n g 
d i s t a n c e s f r o m p o l l u t i o n s o u r c e , a n d t h e m a x i m u m l o s s i s e n c o u n t e r e d 
a t 6 k m d i s t a n c e ( S i t e C ) , f r o m t h i s d i s t a n c e o n w a r d t h e s e v e r i t y 
d e c r e a s e s . S i m i l a r o b s e r v a t i o n s w e r e m a d e b y ( M a j e r n i k 8 M a n s f i e l d , 
1 9 7 0 ; 1 9 7 1 ; M a n s f i e l d 6 M a j e r n i k , 1 9 7 0 ; S q u i r e 8 M a n s f i e l d . , 1 9 7 2 ; 
U n s w o r t h e t a l . , 1 9 7 2 ; B i s c o e e t a l . , 1 9 7 3 ; P u c k e t t e t a j , . , 1 9 7 7 ; B l a c k 
8 B l a c k , 1 9 7 9 ; G h o u s e ^ a l . , 1 9 8 0 ; K o z l o w s k i , 1 9 8 0 ) . G u p t a a n d 
G h o u s e ( 1 9 8 7 ) , w h i l e w o r k i n g o n c u t i c u l a r t r a i t s o f F i c u s B e n g h a l e n s i s 
u n d e r t h e i n f l u e n c e o f c o a l - s m o k e p o l l u t i o n , s h o w e d a v e r y s i g n i f i c a n t 
d e c r e a s e i n t h e s t o m a t a l d i m e n s i o n o n t h e l o w e r e p i d e r m i s . 
F u r t h e r , i n b o t h s p e c i e s o f t h e p r e s e n t s t u d y s i z e o f s t o m a t a 
w a s m o r e s u s c e p t i b l e o n t h e l o w e r e p i d e r m i s t h a n o n t h e u p p e r 
e p i d e r m i s . T h i s o b s e r v a t i o n a g r e e s w i t h o n e m a d e o n t h e s t o m a t a l 
i n d i c e s . 
A s t o t h e d e g r e e o f s e v e r i t y c o n c e r n i n g t h e s t o m a t a l 
d i m e n s i o n s w i t h r e f e r e n c e t o t h e p r e - f l o w e r i n g , f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s , w h i l e t h e r e w a s a s i g m o i d a n d l i n e a r p a t t e r n o f 
l o s s o f s t o m a t a l i n d i c e s i n C a s s i a s o p h e r a a n d S i d a r h o m b i f o U a , 
r e s p e c t i v e l y , t h e s t o m a t a l d i m e n s i o n s h o w o n l y a l i n e a r p a t t e r n o f l o s s 
b u t w i t h a d i f f e r e n c e i n t h a t t h e l o s s i n C a s s i a s o p h e r a w a s t h e 
h i g h e s t a t t h e p r e - f l o w e r i n g s t a g e a n d t h e l o w e s t a t t h e p o s t - f l o w e r i n g 
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s t a g e , w h e r e a s i n S i d a r h o m b i f o l i a i t w a s t h e l o w e s t a t t h e 
p r e - f l o w e r i n g s t a g e a n d t h e h i g h e s t a t t h e p o s t - f l o w e r i n g s t a g e . 
I n t h e r e c e n t p a s t a l o t o f r e s e a r c h h a s b e e n m a d e o n t h e 
r e l a t i o n s h i p b e t w e e n t h e s t o r n a t a l s i z e a n d s e n s i t i v i t y t o p o l l u t i o n l o a d 
( J e n s e n 6 K o s l o w s k i , 1 9 7 5 ; K l e i n , 1 9 8 0 ; W i n n e r Q M o o n e y , 1 9 8 0 ; v V i n n e r 
^ a l . , 1 9 8 2 ; N o r b y a K o z l o w s k i , 1 9 8 3 ) . E v i d e n c e s h o w e d t h a t 
v a r i a t i o n s i n p o l l u t i o n r e s i s t a n c e o f d i f f e r e n t p l a n t s p e c i e s a n d g e n e t i c 
m a t e r i a l a r e c l o s e l y r e l a t e d t o s t o r n a t a l s i z e ( S t o r n a t a l c o d u c t a n c e ) . 
J e n s e n a n d K o z l o w s k i ( 1 9 7 5 ) d e m o n s t r a t e d t h a t m o r e S O 2 w a s a b s o r b e d 
b y F r a x i n u s a m e r l c a n a l e a v e s , w i t h l a r g e s t o m a t a ( h i g h s t o r n a t a l 
c o n d u c t a n c e ) , t h a n b y l e a v e s o f A c e r s a c c h a r u m , w i t h s m a l l s t o m a t a 
( l o w s t o m a t a l c o n d u c t a n c e ) . S i m i l a r r e s u l t s o n l e a f c o n d u c t a n c e v a l u e 
o f t e n s p e c i e s o f t r e e s a n d s h r u b s i n C a l i f o r n i a p r o v i d e d a g o o d i n d e x 
o f S O 2 u p t a k e a n d r e s i s t a n c e ( W i n n e r e ^ a j . . , 1 9 8 2 ) , 
T h e e f f e c t o f a i r p o l l u t a n t s o f t e n v a r i e s a p p r e c i a b l y w i t h 
d i f f e r e n c e s i n t h e s t o m a t a l d i f f u s i o n r e s i s t a n c e ( S D R ) , w h i c h i s a 
f u n c t i o n o f t h e s t o m a t a l i n d e x , s t o m a t a l s i z e a n d e x t e n t o f t h e s t o m a t a l 
o p e n i n g ( s t o m a t a l a p e r t u r e ) . O n t h e o n e h a n d , t h e s t o m a t a l r e s p o n s e s 
t o e n v i r o n m e n t a l c h a n g e s a r e i m p o r t a n t i n c o n t r o l l i n g a b s o r p t i o n o f a i r 
p o l l u t a n t s b y p l a n t s , o n t h e o t h e r h a n d , a i r p o l l u t a n t s t h e m s e l v e s 
i n f l u e n c e t h e s t o m a t a l a p e r t u r e . T h e e f f e c t s o f c o a l - s m o k e p o l l u t i o n 
( S O 2 b e i n g o n e o f t h e m a j o r c o n s t i t u e n t ) o n t h e s t o m a t a l a p e r t u r e a r e 
c o m p l e x . T h e r e f o r e i t i s g e r m a n e t o d i s c u s s i n d e t a i l t h e i m p a c t o f 
t h e e x i s t i n g p o l l u t i o n l o a d a t t h e s i t e i n r e l a t i o n t o s i z e o f t h e 
s t o m a t a l a p e r t u r e o r p o r e . 
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I n t h e p r e s e n t i n v e s t i g a t i o n , t h e p o r e s i z e g e t s r e d u c e d 
c o n s i d e r a b l y i n b o t h s p e c i e s w i t h i n c r e a s i n g l o a d o f p o l l u t i o n . S i m i l a r 
o b s e r v a t i o n s w e r e m a d e b y G a r g a n d V a r s h n e y ( 1 9 8 0 ) V a r s h n e y , ( 1 9 8 5 ) 
a n d G u p t a a n d G h o u s e ( 1 9 8 7 ) . F u r t h e r , G u p t a a n d G h o u s e ( 1 9 8 7 ) 
s u g g e s t e d t h a t t h e d e c r e a s e d p o r e s i z e o f s t o m a t a a s o b s e r v e d i n F i c u s 
b e n g h a l e n s i s u n d e r t h e i m p a c t o f c o a l - s m o k e p o l l u t i o n , a p p e a r e d a s a n 
a d a p t a t i o n s d u e t o a i r p o l l u t a n t s a n d t h i s m i g h t b e r e g a r d e d a s a 
p r o t e c t i v e m e a s u r e a g a i n s t t h e p o l l u t e d e n v i r o n m e n t . I n e a r l i e r s t u d i e s 
U n s w o r t h ^ a l . , ( 1 9 7 2 ) a n d B l a c k a n d B l a c k ( 1 9 7 9 ) o b s e r v e d w i d e n i n g 
o f s t o m a t a l a p e r t u r e u n d e r t h e i m p a c t o f S O 2 • L a t e r , Y u n u s e ^ a l . , 
( 1 9 8 5 b ) o b s e r v e d a c o m p a r a t i v e l y w i d e r s t o m a t a l a p e r t u r e a s i n d u c e d 
b y S O 2 i n D a h l i a t h a n I n C a l e n d u l a p l a n t s . I t w a s o p i n e d t h a t t h e 
i n f l u e n c e o f S O 2 o n t h e s t o m a t a l o p e n i n g c o u l d b e r e l a t e d t o t h e 
r e d u c e d t u r g o r o f s u b s i d i a r y c e l l s . A r a p i d a n d p r e f e r a n t i a l a b s o r p t i o n 
o f S O 2 b y s u b s i d i a r y c e l l s , f o l l o w e d b y c h a n g e s i n m e m b r a n e 
p e r m e a b i l i t y a n d d e c r e a s e i n c e l l t u r g o r ( P u k e t t e ^ , 1 9 7 7 ) m a y 
a c c o u n t f o r i n c r e a s e i n t h e s t o m a t a l a p e r t u r e a n d t h e t r a n s p i r a t i o n 
( S q u i r e 8 M a n s f i e l d , 1 9 7 2 ; B i s c o e e t a l . , 1 9 7 3 ) . F r o m t h i s , i t c a n b e 
i n f e r r e d t h a t w i d e n i n g o f t h e s t o m a t a l a p e r t u r e f a c i l i t a t e s t h e e n t r y o f 
S 0 „ t h r o u g h s t o m a t a , t h e r e b y c a u s i n g g r e a t e r i n j u r y t o p l a n t , z 
T h e o b s e r v a t i o n s m a d e i n t h e p r e s e n t s t u d y f u r t h e r r e v e a ' ^ 1 
t h a t t h e s t o m a t a l p o r e s i n b o t h s p e c i e s ( C a s s i a s o p h e r a ) a n d S i d a 
r h o m b i f o l i a ) e x h i b i t a p r e f e r e n t i a l r e s p o n s e w i t h r e s p e c t t o t h e u p p e r 
a n d l o w e r e p i d e r m i s a n d a l s o t o t h e t h r e e p l a n t d e v e l o p m e n t s t a g e s a t 
s i t e C . W h i l e i n t h e u p p e r e p i d e r m i s t h e s t o m a t a l p o r e d e c r e a s e s 
s u b s t a n t i a l l y ( 2 9 . 0 0 % a n d 3 3 . 5 1 % ) i n C a s s i a s o p h e r a a n d S i d a r h o m b i f o l i a 
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r e s p e c t i v e l y , t h e p e r c e n t v a r i a t i o n d e c r e a s e s s h a r p l y d u r i n g t h e 
f t o v v e r i n g s t a g e s ( 1 6 . 7 8 % a n d 1 3 . 0 6 % ) . F u r t h e r a t t h e p o s t - f l o w e r i n g 
s t a g e , t h e r e i s o n c e a g a i n a n i n c r e a s e i n t h e p e r c e n t v a r i a t i o n ( 2 2 , 2 6 % 
a n d 2 7 . 4 5 % ) . C o n v e r s e l y , t h e s t o m a t a l a p e r t u r e i n t h e l o w e r 
e p i d e r m i s s h o w s a g r a d u a l r e d u c t i o n i n t h e p e r c e n t l o s s d u r i n g t h e 
p r e - f t o w e r i n g ( 3 7 , 2 6 % a n d 3 8 . 2 0 % ) , f l o w e r i n g ( 3 1 . 7 0 % a n d 2 3 . 7 8 % ) a n d 
p o s t - f l o w e r i n g ( 1 4 . 0 4 % a n d 1 7 . 2 4 % ) i n C a s s i a s o p h e r a a n d S i d a 
r h o m b i f o l i a , r e s p e c t i v e l y . 
B l a c k ( 1 9 8 2 ) s u g g e s t e d t h a t a p o l l u t a n t - i n d u c e d c h a n g e i n t h e 
s t o m a t a l a p e r t u r e a n d f u n c t i o n w i l l i n f l u e n c e ( a ) p h o t o s y n t h e t i c C O ^ 
u p t a k e a n d t r a n s p i r a t i o n a l w a t e r l o s s , ( b ) t h e r a t e a t w h i c h t h e 
p o l l u t a n t s e n t e r t h e p l a n t a n d a r r i v e a t t h e m e t a b o l i c s i t e s , a n d ( c ) 
a l t e r i n g m e t a b o l i s m t h a t r e s u l t s i n g r o w t h a n d y i e l d c h a n g e . T h e 
l i t e r a t u r e i n d i c a t e s t h a t c e r t a i n p o l l u t a n t s t h e m s e l v e s i n d u c e s t o m a t a l 
o p e n i n g o r w i d e n i n g o f a p e r t u r e a n d c l o s i n g o r n a r r o w i n g o f a p e r t u r e 
a n d t h e a m o u n t s o f t h e p o l l u t a n t a b s o r b e d . L o w d o s a g e s o f S O 2 i n d u c e d 
o p e n i n g w h i l e h i g h e r d o s a g e s c a u s e d n a r r o w i n g o r c l o s i n g o f t h e 
s t o m a t a l p o r e i n L J l m u s a m e r i c a n a s e e d l i n g s ( N o l a n d S K o z l o w s k i , 1 9 7 9 ) . 
I t w a s s u g g e s t e d t h a t t h e i n i t i a l o p e n i n g e f f e c t o f S O ^ c o u l d b e r e l a t e d 
t o t h e r e d u c e d t u r g o r o f s u b s i d i a r y c e l l , w h e r e a s n a r r o w i n g d o w n o f 
s t o m a t a l a p e r t u r e o r i t s c l o s u r e a t h i g h S O 2 d o s a g e s m a y b e a s s o c i a t e d 
w i t h a c c u m u l a t i o n o f C 0 „ i n s u b s t o m a t a l c a v i t i e s f o l l o w i n g S 0 „ i n h i b i t i o n 
o f p h o t o s y n t h e s i s ( S l j Q S w a n s o n , 1 9 7 3 ) o r w i t h c h a n g e s i n p e r m e a b i l i t y 
o f g u a r d c e l l m e m b r a n e . 
R e g a r d i n g t h e m e c h a n i s m o f l e a f i n j u r y d u e t o p o l l u t a n t s , i t 
w a s r e p o r t e d b y T h o m a s e ^ , ( 1 9 5 0 ) , M a j e r n i k a n d M a n s f i e l d ( 1 9 7 0 ) , 
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a n d B i s c o e ^ a l . ( 1 9 7 3 ) t h a t S O 2 e n t e r s t h e l e a v e s t h r o u g h t h e s t o m a t a 
a n d t h e n p a s s e s i n t o t h e i n t e r c e l l u l a r s p a c e s o f m e a s o p h y l l c e l l s w h e r e 
i t c o m e s i n t o c o n t a c t w i t h t h e w a l l s o f t h e s u r r o u n d i n g c e l l s a n d 
c o m b i n e s w i t h w a t e r t o f o r m s u l p h u r o u s a c i d , s u l p h a t e a n d f u r t h e r t o 
s u l p h i t e r e s u l t i n g i n t o t h e a c c u m u l a t i o n o f s u l p h u r c o n t e n t i n t h e 
a f f e c t e d l e a v e s ; t h i s s u l p h i t e p l a y s a v i t a l r o l e f u r t h e r i n t h e o p e n i n g 
a n d c l o s i n g o f t h e s t o m a t a l a p e r t u r e . T h e r e s e e m s t o b e a c l o s e 
c o r r e l a t i o n b e t w e e n t h e s i z e o f t h e s t o m a t a l a p e r t u r e a n d m a l a t e 
c o n t e n t . I t h a b e e n o p i n e d t h a t s u l p h i t e f o r m e d i n l e a v e s r e d u c e s 
t h e i r m a l a t e c o n e n t ( K o n d o , 1 9 8 4 ) . I t h a s b e e n r e p o r t e d t h a t 
s u l p h i t e i n h h i b i t e d P E P c a r b o x y l a s e ( Z i a g l e r , 1 9 7 3 ; M u k e r j i a Y o n g , 
1 9 7 4 ) a n d N A D P - m a l a t e d e h y d r o g e n a s e ( Z i a g l e r , 1 9 7 4 ) i n v o l v e d i n m a l a t e 
f o r m a t i o n . B e s i d e s , t h e s t o m a t a l o p e n i n g w a s a l s o s u p p r e s s e d b y 
o x y l o a c e t a t e a n d b i s u l p h i t e ( R a g h u v e n d r a , 1 9 8 0 ) s u g g e s t i n g t h e r e b y 
r e g u l a t i o n o f t h e s t o m a t a l o p e n i n g b y P E P c o r b o x y l a s e a c t i v i t y o r 
m a l a t e c o n t e n t . I n t h e p r e s e n t i n v e s t i g a t i o n a d e c r e a s e i n s i z e o f t h e 
s t o m a t a l a p e r t u r e s t r o n g l y c o n f i r m s t h e v i e w t h a t t h e r e i s a d e f i n i t e 
r e l a t i o n s h i p b e t w e e n s t o m a t a l a p e r t u r e s i z e a n d m a l a t e c o n t e n t . 
W h i l e d i s c u s s i n g r e d u c t i o n i n l e a f n u m b e r u n d e r t h e i n f l u e n c e 
o f c o a l - s m o k e p o l l u t i o n , i t w a s s u g g e s t e d t h a t a b s c e s i c a c i d ( A B A ) 
h a s t e n s t h e l e a f s e n e s c e n c e . A b ^ s i c a c i d ( A B A ) n o r m a l l y i n d u c e s 
c l o s u r e o f t h e s t o m a t a o r r e d u c e s t h e s t o m a t a l a p e r t u r e a n d t h u s r e s i s t s 
e n t r y o f S O 2 a n d r e t a r d s t h e a d v e r s e e f f e c t . S O ^ i n j u r y i s t h o u g h t 
t o b e r e g u l a t e d v i a A B A l e v e l i n g u a r d c e l l s a n d s u b s i d i a r y c e l l s . 
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D e c r e a s e i n t h e s t o m a t a l a p e r t u r e o r s t o r n a t a l c l o s u r e r e s u l t i n g 
f r o m a n i n h i b i t o r y a c t i o n o f a p o l l u t a n t o n p h o t o s y n t h e s i s m a y o p e r a t e 
a s a n a v o i d a n c e m e c h a n i s m . ( K i m m e r e r e Q K o z l o w s k i , 1 9 8 1 ) . I n t h e 
p r e s e n t s t u d y t h e r e d u c t i o n i n s i z e o f t h e s t o m a t a l a p e r t u r e i n d i c a t e s 
t h a t n e t s u l p h u r f l u x i s m a i n l y c o r r e l a t e d w i t h l o w s t o m a t a l c o n d u c t a n c e 
t o w a t e r v a p o u r , a n d t h a t t h e s t o m a t a l c l o s u r e i n d u c e d b y S O 2 f r o m 
c o a l - s m o k e p o l l u t i o n I n d i c a t e d a m e c h a n i s m , a s o p i n e d b y M a n s f i e l d a n d 
F r e e r - S m i t h ( 1 9 8 4 ) , f o r a v o i d i n g d a m a g e w i t h o u t m a j o r i n t e r f e r e n c e w i t h 
C O 2 s u p p l y . 
T o s u m u p , a n y c o n d i t i o n t h a t p r o m o t e s s t o m a t a l o p e n i n g o r 
e n l a r g i n g t h e s t o m a t a l a p e r t u r e w i l l e n h a n c e S O 2 d i f f u s i o n a n d t i s s u e 
d a m a g e , w h e r e a s a n y f a c t o r t h a t c a n n u l i f y t h e S Q 2 i n d u c e d s t o m a t a l 
o p e n i n g w o u l d p r o v i d e p r o t e c t i o n a g a i n s t S O 2 p o l l u t i o n . T h e r e f o r e , t h e 
s u g g e s t i o n t h a t i n h i b i t o r s o f s t o m a t a l o p e n i n g c o u l d b e u s e d t o p r o t e c t 
f r o m p o l l u t i o n l o a d n e e d s t o b e l o o k e d i n t o . 
T h e d a t a o n t h e s i z e a n d d e n s i t y o f t r i c h o m e s b o t h i n t h e 
u p p e r a n d l o w e r e p i d e r m i s o f S i d a r h o m b i f o l i a p r e s e n t s a n i n t e r e s t i n g 
o b s e r v a t i o n . W h i l e t r i c h o m e d e n s i t y i n c r e a s e s w i t h t h e i n c r e a s i n g 
d i s t a n c e f r o m p o l l u t i o n s o u r c e , t r i c h o m e s i z e d e c r e a s e s . T h e s e 
o b s e r v a t i o n s a r e i n c o n t r a s t t o t h e o b s e r v a t i o n s m a d e b y A m a n i ( 1 9 8 2 ) 
G u p t a a n d G h o u s e , ( 1 9 8 7 ) , G a r g a n d V a r s h n e y ( 1 9 8 0 ) , V a r s h n e y ( 1 9 8 5 ) , 
Y u n u s a l . ( 1 9 8 5 a ) , w h o o b s e r v e d i n c r e a s e i n b o t h t r i c h o m e s i z e a n d 
d e n s i t y u n d e r t h e s t r e s s o f p o l l u t i o n . T h e p e r c e n t v a r i a t i o n i n 
t r i c h o m e l e n g t h b o t h i n t h e u p p e r a n d l o w e r e p i d e r m i s e s r e v e a l s a 
s y s t e m a t i c r e d u c t i o n r i g h t n e a r t h e s o u r c e o f p o l l u t i o n u p t o a d i s t a n c e 
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1 2 k m . T h i s t r e n d h o l d s t r u e f o r t h e p r e - f l o v i f e r i n g a n d p o s t - f l o w e r i n g 
s t g a g e s . A t t h e p o s t f l o w e r i n g s t a g e t h e m a x i m u m r e d u c t i o n i n s i z e 
w a s o b s e r v e d a t 6 k m f r o m p o l l u t i o n s o u r c e , t h e c o r r e s p o n d i n g v a l u e s 
a t t h e 6 k m d i s t a n c e d u r i n g f l o w e r i n g a n d p o s t f l o w e r i n g s t a g e s b e i n g 
4 0 . 0 0 % a n d 4 4 . 4 4 % r e s p e c t i v e l y , w h i l e a t t h e p o s t - f l o w e r i n g s t a g e t h e 
h i g h e s t p e r c e n t v a r i a t i o n ( 2 6 . 0 1 % ) w a s r e c o r d e d a t 1 2 k m d i s t a n c e . 
O n c e a g a i n t h e s e o b s e r v a t i o n s h o l d t r u e f o r t r i c h o r n e s i z e o f t h e l o w e r 
e p i d e r m i s a l s o . F u r t h e r , t h e h i g h e s t p o s i t i v e p e r c e n t v a r i a t i o n o f 
t r i c h o m e d e n s i t y d u r i n g t h e p r e - f l o w e r i n g s t a g e a t t h e 6 k i n d i s t a n c e 
a n d t h e l o w e s t ( 1 2 . 5 0 % ) a t h k m d i s t a n c e f r o m t h e p o l l u t i o n ^ j u r c e 
s u g g e s t t h a t t r i c i i o m e f r e q u e n c y I n c r e a s e s a y s t e f n a t l c a l l y w i t n cao 
i n c r e a s i n g d i s t a n c e i r o m p o l l u t i o n s o u r c e a n d a l s o w i t n t h e i n c i e a s i n g 
p o l l u t i o n l o a d . K u r t i i e r , a p r o p o r t i o n a t e r e d u c t i o n i n t h e p e r c u n t 
v a r i a t i o n f r o m t h e p r a - x i o w e r i n g t o f l o w e r i n g a n d t h e n t o p o s t - f l o . ^ c j r i u s 
. s t a g e s i n d i c a t e s a s y s t e m a t i c a g i n g e f i o c : u . i t r i c i i o . n e d e n s i t y . 
I t s e e m s q u i t e o b v i o u s t h a t t h e s n o r t a n d m o r e n u i a e r o a s 
t r i c h o m e s w e r e a s s o c i a t e d w i t h i n c r e a s e d p o l l u t i o n l o a d . A s o p i n e d 
b y S h a r m a e t a l . ( 1 9 8 0 ) , t h e s e m o d i f i c a t i o n s o r a d a p t a t i o n s i n t h e 
s p e c i e s s t u d i e d m a y b e o f e c o t y p i c o r e v o l u t i o n a r y s i g n i f i c a n c e . I n 
t h e p o p u l a t i o n s o f S i d a r h o m b i f o l i a , a n e g a t i v e c o r r e l a t i o n c a n b e 
e s t a b l i s h e d b e t w e e n t h e p o l l u t i o n f a c t o r a n d t r i c h o m e s i z e . O n t h e 
c o n t r a c y , t h e r e i s a p o s i t i v e c o r r e l a t i o n b e t w e e n t h e d e g r e e o f p o l l u t i o n 
l o a d a n d t r i c h o m e d e n s i t y . A s u r f a c e w i t h h i g h t r i c h o m e f r e q u e n c y 
m a y s e r v e a s a n e f f e c t i v e i n s u l a t o r f o r l e a f g i v i n g a d e q u a t e s h a d e t o 
l i v i n g c e l l s a g a i n s t t h e p o l l u t i o n a n d t h u s r e d u c i n g t h e t e m p e r a t u r e o f 
l e a f t i s s u e . I t h a s b e e n s u g g e s t e d b y T r e s h o w ( 1 9 7 0 ) a n d S h a r m a a n d 
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B u t l e r e ( 1 9 7 3 ; 1 9 7 5 ) t h a t t h e t r i c h o m e s p o s s i b l y h e l p i n s l o w i n g d o w n 
t h e r a t e o f s o m u m e t a b o M c r e a c t i o n s a s s o c i a t e d w i t h t h e d a m a g e o f 
p l a n t t i s s u e s . T h e c o n v e r s i o n o f s u l p h u r d i o x i d e i n t o s u l p h u r i c a c i d 
i s a c a s e i n p o i n t . T h e h i g h e r t r i c h o m e f r e q u e n c y e n c o u n t e r e d a t t h e 
s i t e s e x p e r i e n c i n g g r e a t e r p o l l u t i o n l o a d s e e m s t o b e a n a d a p t a t i o n 
a g a i n s t t h e p o l l u t a n t s b e c a u s e t r i c h o m e s c a n a c t a s f i l t e r s o r p l a t e f o r m s 
f o r t r a p p i n g t h e p a r t i c u l a t e m a t t e r s l i k e c o a l a s h o r d u s t w h i c h i s 
l i k e l y t o c a u s e i n j u r y t o l e a f t i s s u e s , t h u s p r o v i d i n g t h e m u c h n e e d e d 
p r o t e c t i o n t o l e a f s u r f a c e . 
T h u s , t h e t r i c h o m e s c a n o f f e r a n o u t e r l i n e o f p h y s i c a l 
d e f e n c e a g a i n s t d u s t p a r t i c u l a t e m a t t e r s a s w e l l a s p o l l u t a n t s o f c h e m i c a l 
. o r i g i n ( A m a n i , 1 9 7 9 ; 1 9 8 2 ) . 
Anatomical responses : I n t h e p r e c e d i n g p a r a g r a p h s a d v e r s e e f f e c t 
o f a i r p o l l u t i o n o n t h e f o r m a n d f u n c t i o n o f C a s s i a s o p h e r a a n d S i d a 
R h o m b i f o U a h a v e b e e n d i s c u s s e d . O f t h e v a r i o u s m o r p h o l o g i c a l t r a i t s 
t h e r e d u c t i o n i n t h e s h o o t a n d r o o t d i m e n s i o n u n d e r t h e a i r p o l l u t i o n 
s t r e s s e x h i b i t a s u p p r e s s e d g r o w t h o f t h e c o m p o n e n t c e l l s , e . g . , f i b r e s 
a n d v e s s e l e l e m e n t s a n d t h e a m o u n t o f v a r i o u s t i s s u e s v i z . c o r t e x , 
v a s c u l a r t i s s u e a n d p i t h . D u r i n g t h e p a s t d e c a d e s e v e r a l r e p o r t s h a v e 
a p p e a r e d w i t h r e g a r d t o t h e e f f e c t o f c o a l - s m o k e p o l l u t i o n o n t h e 
v a r i o u s c e l l c o m p o n e n t s i n s e v e r a l w e e d a n d t r e e s p e c i e s . D e v e l o p m e n t 
o f s h o r t v e s s e l s i n p l a n t s g r o w i n g u n d e r s t r e s s e d c o n d i t i o n h a s b e e n 
r e p o r t e d i n P o l y g o n u m g l a b r u m ( K h a n a l . , 1 9 8 4 ) , T e c t o n a g r a n d i s 
( G h o u s e e t . a j . . , 1 9 8 4 a ) , D a l b e r g i a s i s s o o ( G h o u s e e t , 1 9 8 4 b ) , 
M a n g i f e r a i n d i c a ( G h o u s e e ^ a j . . , 1 9 8 6 ) , C r o t o n b o n p l a n d i a n u m ( G h o u s e 
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^ , 1 9 8 6 ) C a l o t r o p i s g i g a n t i a ( I q b a l ^ a j . . , 1 9 8 6 a ) , S i d a s p i n o s a 
( M a h m o o d u z z a f a r e t , 1 9 8 6 ) C l e o m e v i s c o s a ( A h m a d a t , 1 9 8 7 ) 
A b e l m o s c u s e s c u l e n t u s ( G u p t a a n d G h o u s e , 1 9 8 7 ) S y z y g i u m c u m i n i ( G u p t a 
a l . . 1 9 8 8 ) a n d A m a r a n t h u s y l r i l s a n d E u p h o r b i a h i r t a ( U s i n a n i , 
1 9 9 0 ) . O n t h e o t h e r h a n d . , w i d t h o f t h e v e s s e l w a s f o u n d t o b e 
n a r r o w e d d o w n i n t h e p o l l u t e d s a m p l e s o f C h e n o p o d i u m a l b u m ( G h o u s e 
e t , 1 9 8 5 ) , C a l o t r o p i s g i g e n t i a a n d D a t u r a i n o x i a ( I q b a l e_t a j i . , 
1 9 8 6 a , b ) C l e o m e v i s c o s a ' ( A h m a d e ^ aJL. • 1 9 8 7 ) L a n t a n a c a m a r a ( I q b a l 
^ a j ^ . , 1 9 8 7 a ) a n d C a s s i a o c c i d e n t a l i s ( I q b a l e ^ a j . . , 1 9 8 7 b ) . I n 
a d d i t i o n t o t h e l o s s o f v e s s e l d i m e n s i o n , - t h e a i r p o l l u t a n t s h a v e b e e n 
r e p o r t e d t o c a u s e s u b s t a n t i a l d e c r e a s e i n t h e n u m b e r o f v e s s e l s p e r u n i t 
a r e a . A m o n g t h o s e s h o w i n g a d e c r e a s e i n v e s s e l f r e q u e n c y d u e t o a i r 
p o l l u t i o n a r e C r o t o n b o n p l a n d i a n u m ( G h o u s e e ^ , 1 9 8 6 ) , S i d a s p i n o s a 
( M a m o o d u z z a f a r e t a J . . , 1 9 8 6 ) , C a s s i a t o r a ( I q b a l e t a l . , 1 9 8 7 a ) a n d 
C a s s i a o c c i d e n t a l i s ( I q b a l ^ a l . , 1 9 8 7 a ) . A s t o t h e l e n g t h o f t h e 
f i b r e , a r e d u c t i o n h a s b e e n o b s e r v e d i n C r o t o n b o n p l a n d i a n u m ( G h o u s e 
a ^ a l . , 1 9 8 6 ) , D a t u r a i n o x i a ( I q b a l e t a l . , 1 9 8 6 b ) , S i d a s p i n o s a 
( M a h m o o d u z z a f a r e ^ a l . . 1 9 8 6 ) C l e o m e v i s c o s a ( A h m a d e j ^ a J . . • 1 9 8 7 ) a n d 
C a s s i a o c c i d e n t a l i s a n d C . t o r a ( I q b a l e t a j . . , 1 9 8 7 a ) u n d e r t h e i m p a c t 
o f a i r p o l l u t i o n . 
S o m e t i m e s t h e p o l l u t e d e n v i r o n m e n t a l c o n d i t i o n m a y f a v o u r 
p l a n t d e v e l o p m e n t . A n i n c r e a s e i n t h e v e s s e l f r e q u e n c y a n d f i b r e 
l e n g t h u n d e r t h e p o l l u t e d c o n d i t i o n h a s b e e n r e p o r t e d f o r C a l o t r o p i s 
g i g a n t i a ( I q b a l e ^ a j _ . , 1 9 8 6 a ) D a t u r a i n o x i a ( I q b a l ^ a j . . , 1 9 8 6 b ) 
A c h y r a n t h e s a s p e r a ( M a h m o o d u z z a f a r e ^ a ^ . , 1 9 8 7 ) a n d C a j a n u s c a j a n 
( G h o u s e e t a l . , 1 9 8 9 ) . I n a d d i t i o n t o t h i s t h e p o l l u t e d e n v i r o n m e n t 
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h a s a l s o b e e n r e p o r t e d t o i n d u c e a n i n c r e a s e i n v e s s e l w i d t h i n S i d a 
s p i n o s a ( M a h m o o d u z z a f a r e ^ a l . , 1 9 8 6 ) , C a s s i a t o r a ( I q b a l e ^ a l . . 
1 9 8 7 ) , A c h y r a n t h e s a s p e r a ( M a h m o o d u z z a f a r e ^ a j i . , 1 9 8 7 ) , C a j a n u s c a j a n 
( G h o u s e e ^ , 1 9 8 9 ) a n d A m a r a n t h u s v l r i d i s a n d E u p h o r b i a h i r t a 
( U s t n a n i ^ 1 9 9 0 ) . H o w e v e r , i n o n e s o l i t a r y r e p o r t , v e s s e l l e n g t h h a s 
b e e n r e p o r t e d t o i n c r e a s e i n L a n t a n a c a m a r a ( I q b a l e t a j . . , 1 9 8 7 a ) . 
A n i n t e n s i v e s t u d y o f a l l t h e a b o v e m e n t i o n e d r e p o r t s r e v e a l s 
t h a t t h e i n c i d e n c e o f i n c r e a s e o r d e c r e a s e i n d i m e n s i o n o r n u m b e r o f 
t h e v a r i o u s c o m p o n e n t c e l l c o u l d n o t b e r e l a t e d t o a n y o f t h e p l a n t 
d e v e l o p m e n t s t a g e s u n d e r t h e i m p a c t o f e n v i r o n m e n t a l p o l l u t i o n - a p o i n t 
w h i c h h i t h e r t o s e e m s t o h a v e b e e n i n g n o r e d . 
I n t h e p r e s e n t s t u d y , h o w e v e r , t h e d a t a p r e s e n t e d o n t h e 
n u m b e r a n d d i m e n s i o n o f ^ t h e v a r i o u s c o m p o n e n t c e l l s o f t h e s h o o t a n d 
r o o t i n C . s o p h e r a a n d S . r h o m b i f o U a r e v e a l s a d i f f e r e n t i a l r e s p o n s e 
o f t h e s e c o m p o n e n t c e l l s w i t h r e f e r e n c e t o p r e - f l o w e r i n g , f l o w e r i n g a n d 
p o s t - f l o w e r i n g s t a g e s u n d e r t h e s t r e s s o f c o a l - s m o k e p o l l u t i o n . D u r i n g 
t h e p r e - f l o w e r i n g s t a g e o f C . s o p h e r a . t h e f i b r e b e c a m e i n c r e a s i n g l y 
s h o r t e r r i g h t f r o m k m t o 6 k m d i s t a n c e i n d i c a t i n g t h e r e b y t h a t t h e 
m a x i m u m toad o f p o l l u t i o n i s s u f f e r e d b y t h e p l a n t s a t 6 k m d i s t a n c e 
f r o m t h e p o l l u t i o n s o u r c e . B u t a s h a r p r e d u c t i o n i n t h e l o s s o f f i b r e 
l e n g t h a t 1 2 k m d i s t a n c e s h o w e d t h a t t h e i n t e n s i t y o f t h e p o l l u t a n t s 
w a s m u c h d i l u t e d o v e r t h i s d i s t a n c e . O n t h e o t h e r h a n d , t h e e x t e n t 
o f toss i n t h e f i b r e l e n g t h w a s a l m o s t t h e s a m e i n S . r h o m b i f o U a , a n d 
t h i s b e i n g a v e r y h a r d y p l a n t s t i l l s h o w e d a s i g n i f i c a n t l y h i g h e r 
r e d u c t i o n i n t h e f i b r e l e n g t h i n c o m p a r i s o n t o t h e r e f e r e n c e p l a n t . 
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H o w e v e r , a s t h e s e p l a n t s a g e , t h e r e w a s a p r o n o u n c e d s h i f t i n t h e 
r e s p o n s e t o a i r p o l l u t i o n , t h a t i s , t h e p e r c e n t l o s s d u r i n g t h e 
f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s w a s h i g h l y s i g n i f i c a n t i n C . s o p h e r e 
a n d v e r y i n s i g n i f i c a n t i n S . r h o m b i f o l i a . 
F u r t h e r , t h e a i r p o l l u t a n t s a t t h e s i t e a l s o h a v e a p r o n o u n c e d 
e f f e c t o n t h e d i s t r i b u t i o n a l p a t t e r n o f c o r t e x , v a s c u l a r t i s s u e a n d p i t h . 
I n t h e n o r m a l c o n d i t i o n , C . s o p h e r a d u r i n g t h e p r e - f l o w e r i n g s t a g e 
s h o w s a m e r e 2 6 . 0 5 % a m o u n t o f v a s c u l a r t i s s u e , p i t h p o r t i o n b e i n g 
n e a r l y t h r e e t i m e s . W h e r e a s S . r h o m b i f o l i a h a s a g r e a t e r a m o u n t o f 
v a s c u l a r t i s s u e ( 5 4 . 0 4 % ) a n d 4 3 . 0 0 % o f t h e a r e a i s o c c u p i e d b y p i t h . 
T h i s p a t t e r n o f d i s t r i b u t i o n i n d i c a t e s t h a t S . r h o m b i f o l i a i s m o r e h a r d y 
t h a n C . s o p h e r a . T h i s i s m o r e c l e a r l y e x h i b i t e d w h e n t h e e f f e c t o f 
p o l l u t i o n l o a d o n t h e v a s u l a r t i s s u e i s a n a l y s e d . O b v i o u s l y , t h e 
v a s c u l a t u r e s h o w e d a g r e a t e r r e d u c t i o n i n C . s o p h e r a t h a n S . 
r h o m b i f o l i a . S i m i l a r o b s e r v a t i o n s w e r e r e c o r d e d b y G h o u s e e ^ a _ l . . 
( 1 9 8 6 ) i n C r o t o n b o n p l a n d i a n u m , I q b a l a _ l . ( 1 9 8 6 a , b ) i n D a t u r a I n o x i a 
a n d C a l o t r o p i s g i g e n t i a , G h o u s e a l • , ( 1 9 8 9 ) i n C a j a n u s c a j a n a n d 
U s m a n i ( 1 9 9 0 ) i n E u p h o r b i a h l r t a a n d A m a r a n t h u s v i r i d i s . B e s i d e s , 
e f f e c t s o f a i r p o l l u t a n t s o n t h e s e c o n d a r y g r o w t h h a v e b e e n s t u d i e d i n 
s e e d l i n g s , s a p l i n g a n d m a t u r e t r e e s . T h e p o l l u t a n t s o f t e n r e d u c e x y l e m 
i n c r e m e n t i n t h e a b s e n c e o f v i s i b l e l e a f s y m p t o m s ( T r e s h o . w e ^ a j l . , 
1 9 6 7 ; P h i l l i p s e t a j . . , 1 9 7 7 b , K e l l e r , 1 9 8 0 , T h o m p s o n , 1 9 8 1 ) a s i t u a t i o n 
w h i c h T o d d ( 1 9 5 6 ) d e s c r i b e d a s t h e h i d d e n d a m a g e i n p l a n t s d u e t o 
p o l l u t i o n l o a d . U s i n g t r e e r i n g a n a l y s i s , s e v e r a l i n v e s t i g a t o r s h a v e 
a l s o s h o w n t h a t a i r p o l l u t i o n r e d u c e d x y l e m i n c r e m e n t i n m a t u r e t r e e s 
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( V i n s , 1 9 6 5 , 1 9 7 0 ; A s h b y 8 F r i t h s , 1 9 7 2 ; T h o m p s o n , 1 9 8 1 ) . 
S o m e w o r k e r s h a v e a l s o d e m o n s t r a t e d t h e e f f e c t o f m o r t ^ h a n 
o n e p o l l u t a n t s o n t h e q u a n t i t y a n d s t r u c t u r e o f w o o d . P h i l l i p s e ^ 
( 1 9 7 7 b ) r e p o r t e d t h a t t h e a m o u n t o f x y l e m i n c r e m e n t i n P i n u s s t r o b u s 
t r e e s w a s p r o p o r t i o n a l t o t h e f l u c t u a t i n g N O X - S O 2 l e v e l s . C o m b i n e d 
p o l l u t a n t s r e d u c e d x y l e m I n c r e m e n t o f P l n u s d e n s i f l o r a t r e e s , w h e r e a s 
S O 2 a l o n e d i d n o t ( Y o k o b o r i S O h t a , 1 9 8 3 ) . A h i g h l y s i g n i f i c a n t 
c o r r e l a t i o n - b e t w e e n t h e a m o u n t o f x y l e m i n c r e m e n t i n t r e e s a n d 
c o a l - f i r e d b r i c k p r o d u c t i o n c o m p l e x i n d i c a t e d t ^ i a t S O 2 a n d F p o l l u t i o n 
I n h i b i t e d t h e c a m b i a l g r o w t h ( G i l b e r t , 1 9 8 3 ) . F l o u r i n e d u s t a n d 
e f f l u e n t s f r o m a C u s m e l t e r r e d u c e d t h e x y l e m p r o d u c t i o n i n P i n u s 
s y l v e s t r i s a n d P i n u s m o n o p U y a r e s p e c t i v e l y ( T h o m p s o n 1 9 8 1 ) . A i r 
p o l l u t i o n b e s i d e s r e d u c i n g x y l e m i n c r e m e n t i n P i c e a a b i e s , A b i e s 
s p e c i e s , P i n u s s y l v e s t r i s P o p u l u s t r u m u l a a n d B e t u l a p e n d u l a , a l s o 
a l t e r e d w o o d s t r u c t u r e ( E c k s t ^ ^ a l . , 1 9 8 1 ; K o z l o w s k i a n d 
C o n s t a n t i n i d o u , 1 9 8 6 ) . T h e p o l l u t i o n - i n d u c e d s h o r t e n i n g o f t r a c h i e d s 
o f g y m n o s p e r m s a s w e l l a s v e s s e l s t r a c h e i d s a n d f i b r e s o f 
a n g i o s p e r m s a n d a r e d u c t i o n i n v e s s e l n u m b e r h a v e a l s o b e e n r e p o r t e d 
( G r i l l e t a j . . , 1 9 7 9 ) . 
I n c o n t r a s t t o t h e a b o v e m e n t i o n e d i n s t a n c e s o f r e d u c t i o n i n 
t h e a m o u n t o f w o o d d u r i n g t h e s e c o n d a r y g r o w t h , t h e i n c r e a s e i n t h e 
a r e a o c c u p i e d b y v a s c u l a t u r e u n d e r t h e s t r e s s o f e n v i r o n m e n t a l p o l l u t i o n 
d u r i n g t h e f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s m a y b e a n a d o p t i v e 
r e s p o n s e . I t h a s b e e n d i s c u s s e d e a r l i e r t h a t t h e p o l l u t a n t s w e a k e n t h e 
o v e r a l l p l a n t s y s t e m h i n d e r i n g v a r i o u s p h y s i o l o g i c a l p r o c e s s e s i n c l u d i n g 
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w a t e r u p t a k e i n t h e p l a n t . T h e i n c r e a s e i n t h e v a s c u l a r t i s s u e e v e n 
u n d e r t h e s t r e s s o f e n v i r o n m e n t a l p o l l u t i o n s e e m s t o e n s u r e t h e 
m a i n t e n a n c e o f w a t e r u p t a k e a n d e s t a b l i s h t h a t p l a n t s d u r i n g t h e 
f l o w e r i n g a n d f r u i t i n g s t a g e s a r e a b l e t o w i t h s t a n d t h e c o n t i n u o u s 
p o l l u t i o n l o a d . T h e s e o b s e r v a t i o n s a r e i n c o n f o r m i t y t o t h o s e o : 
M a h m o o d u z z a f a r e ^ a J . . ( 1 9 8 6 ) o n S i d a s p i n o s a , A h m a d e ^ a l . ( 1 9 8 7 ) o n 
C l e o m e v i s c o s a , I q b a l e t , ( 1 9 8 7 a , b ) o n L a n t a n a c a m a r a , C a s s i a t o r a 
a n d C a s s i a o c c i d e n t a l i s , a n d U s m a n i ( 1 9 9 0 ) . o n A m a r a n t h u s v i r i d i s a n d 
E u p h o r b i a h i r t a . 
T h e i n c i d e n c e o f d e c r e a s e d w o o d p r o d u c t i o n a n d a d v e r s e e f f e c t 
o n v a r i o u s w o o d c o m p o n e n t i n p l a n t s , a c c o r d i n g t o L i n z o n ( 1 9 7 1 ) , S t o n e 
a n d S k e l l y ( 1 9 7 4 ) , P h i l U p s e t a j . . ( 1 9 7 7 a ) a n d K o z l o w s k i a n d 
C o n s t a n t i n i d o u ( 1 9 8 6 ) a r e t h e d i r e c t c o n s e q u e n c e s o f p h y s i o l o g i c a l 
s t r e s s , i n d u c e d b y t h e c o m p o n e n t s o f a i r p o l l u t i o n / a c i d r a i n c o m p l e x , 
t h r e b y c a u s i n g c l i m a t i c c o n d i t i o n s t o b e m o r e L i m i t i n g t o g r o w t h . 
P u c k e t t ( 1 9 8 2 ) a n d K o z l o w s k i a n d C o n s t a n t i n i d o u ( 1 9 8 6 ) a l s o o p i n e d t h a t 
t h e s e q u e n c e o f i m p o r t a n t p h y s i o l o g i c a l e v e n t s l e a d i n g t o d e c r e a s e d 
w o o d p r o d u c t i o n i n t h e s t e m a n d r o o t i n v o l v e d i n h i b i t i o n o f 
. p h o t o s y n t h e s i s a n d o f t h e s y n t h e s i s o f h o r m o n a l g r o w t h r e g u l a t o r s 
f o l l o w e d b y d e c r e a s e d a m o u n t s o f c a r b o h y d r a t e a n d h o r m o n e b e e n 
t r a n s p o r t e d t o t h e l o w e r p a r t o f t h e s t e m a n d t h e n t o t h e r o o t s y s t e m . 
F i n a l l y , a s t h e n a t u r a l e n v i r o n m e n t o f r o o t i s n e v e r u n i f o r m , 
t h e r o o t m u s t a c c o m m o d a t e b o t h a b r u p t a n d u n i f o r m c h a n g e s i n 
t e m p e r a t u r e a n d c h e m i c a l c o m p o s i t i o n o f s o i l a n d t h e a m b i e n t 
e n v i r o n m e n t , i f t h e r o o t s a n d t h e s h o o t s t h e y s u s t a i n a r e t o s u r v i v e 
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a n d m a i n t a i n a n o r m a l p r o c e s s o f p l a n t g r o w t h a n d d e v e l o p m e n t . A s 
h a s b e e n o b s e r v e d , c e l l s a r e r e m a r k a b l y r e s i l i e n t t o i n j u r y d u e t o a 
h o s t o f e n v i r o n m e n t a l f a c t o r s i n c l u d i n g t h e p o l l u t a n t s o f c h e m i c a l 
n a t u r e . H o w e v e r , s h o u l d c e l l i n t h e r o o t b e t e m p o r a r i l y o r 
i r r e p a i r a b l y d a m a g e d , o t h e r c e l l s c a n m a k e u p t h e i r l o s s e n a b l i n g t h e 
r o o t s t o m a i n t a i n i t s i n t e g r i t y a s n o t i c e d i n i n c r e m e n t o f v a s c u l a t u r e 
I n t h e r o o t s y s t e m o f b o t h C . s o p h e r a a n d S . r h o m b i f o U a d u r i n g t h e 
f l o w e r i n g a n d p o s t - f l o w e r i n g s t a g e s e v e n u n d e r t h e s t r e s s o f c o a l - s m o k e 
p o l l u t i o n . 
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